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The  reception  orginally  given  to  this  work  was  hardly  less  sur- 
prising to  me,  than  to  some  friends  who  could  not  imagine  by  what 
kind  of  chance-medley  the  three  reputed  difficulties  of  authorship 
had  been  overcome— to  write  something  worth  publishing,  to  find  a 
respectable  house  to  publish  it,  and  to  get  sensible  men  to  i^d  it. 
The  fact  is,  it  was  something  outside  of  current  literature.  The 
want  of  it  was  not  felt  by  ordinary  readers,  nor  the  void  it  was 
calculated  to  fill  suspected  by  others.  To  belles-lettres  students  the 
subject  was,  naturally  enough,  as  unattractive  as  a  commercial  report 
on  hardware,  and  as  hollow  of  interest  as  a  folding  chess-board 
lettered  at  the  back.  It  happened,  however,  to  be,  what  foreign 
and  domestic  technical  journals  proclaimed  it,  '^  the  kind  of  book 
which  every  inventor  and  mechanic  ought  to  consult." 
Though  we  do  not  hear  so  much  now,  as  formerly,  of  unsuccessful 
rojectors  ending  their  troubles  with  a  razor,  a  rope,  or  suffocation 
y  water,  nor  of  others  expiring  from  excess  of  joy  at  imaginary 
success,  like  a  watchmaker  of  Faris,  there  are  hundreds,  if  not 
thousands,  wearing  themselves  away  in  the  pursuit  of  mechanical 
fallacies,  and  the  revival  of  obsolete  devices,  for  lack  of  knowing 
what  has  been  done,  and  what  is  impossible  to  be  done.  As  a 
general  i-ule,  inventors  dislike  to  open  themselves  to  either  friends  or 
strangers,  but  the  most  jealous  can  consult  a  book  without  fear  of 
being  robbed  of  his  ideas,  and  the  most  sensitive  without  the  dread 
of  beiqg  laughed  it.  That  this  volume  has  been  serviceable  to  such, 
and  suggestive  to  others,  the  press  has  furnished  sufficient  proof,  and 
that.it  continues  to  do  what  it  has  done,  is  evinced  by  a  continued 
demand  for  it. 

Over  twenty  years  have  elapsed  since  it  first  issued  from  the  press, 
and  nearly,  if  not  quite,  as  many  editions  have  been  called  for.  The 
1 2th  appeared  in  1851,  and  the  14th  in  1856.  Two  more  followed 
without  the  usual  indication  in  the  title-page,  an  omission  that  pre- 
viously occurred  with  impressions  thrown  ofi"  in  numbers  and  parts. 
My  interest  in  it  ceased  with  the  2d  edition.  Afler  so  long  a  service, 
it  might  be  thought  deserving  of  a  new  dress,  or  fresh  trimmings  in 
the  shape  of  addenda.  I  suppose  it  would  be  an  improvement  to 
condense  and  recast  the  whole,  but  that  is  a  labor  I  can  not  under- 
take, nor  do  I  think  it  would  materially  enhance  the  work  in  the 
estimation  of  those  for  whom  it  was  prepared.  As  for  additional 
matter,  it  might  be  continued  ad  infinitum^  but  to  what  purpose  ? 
The  book  was  never  designed  to  exhibit  all  varieties  of  devices  treated 
of^  but  only  sufficient  to  elucidate  the  principles  of  each  class,  and  no 
new  principle  has  been  introduced  that  I  am  aware  of.  Some  fresh 
matter  has,  however,  been  inserted,  which,  with  the  supplement  on 
EoUpiles  (not  in  the  early  editions),  has  swelled  the  volume  far  be- 
yond its  original  limits.  Whatever  be  its  merits  or  demerits,  it  ia 
sent  forth  once  more  to  take  its  chance  in  the  world.  If  its  elements 
of  vitality  are  worn  out,  it  will  die,  and  it  ought  to  die,  but  if  the 
oldest  and  coolest  of  its  critics  is  to  be  credited,  it  is  not  going  to 
give  up  the  ghost  yet.  He  assigned  it  a  run  of  fifty  years  before 
those  hterary  undertakers,  the  trunkmakers,  entombed  it.      T.  £.  ^ 

Nbw  Yokk,  March  11,  1863. 
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CiRCUMSTANCBB  having  led  me,  in  early  life,  to  take  an  interest  in 
practical  tiydraulios,  I  became  anzioue  to  obtain  ail  account  of  all  the  con- 
trivances employed  by  different  people  to  raise  water — whether  for  domes- 
tic, agricultural,  mining,  manufacturing,  or  other  purposes ;  and  great  was 
the  disappointment  I  felt  on  learning  that  no  book  containing  the  informa- 
tion I  sought  had  ever  been  published.  This  was  the  case  between  thirty 
and  forty  years  ago ;  and,  notwithstanding  the  numerous  journals  and  other 
works  devoted  to  the  useful  arts,  it  is  in  a  great  measure  the  case  still.  No 
one  publication,  so  far  as  my  knowledge  extends,  has  ever  been  devoted 
to  the  great  variety  of  devices  which  the  human  intellect  has  developed 
for  raising  liquids.  That  such  a  work  is  wanted  by  a  large  class  of 
mechanics,  if  not  by  others,  can  hardly  be  questioned ;  and  it  is  somewhat 
surprising  that  it  was  never  undertaken. 

It  appears  from  La  Hire's  Preface  to  Mariotte's  Treatise  on  the  Motion 
of  Fluids,  that  the  latter  philosopher  often  expressed  a  determination  to 
write  "  on  the  different  pumps  and  other  engines  which  are  in  use,  or  which 
have  been  proposed,'^  but  unfortunately  he  did  not  live  to  carry  his  design 
into  effect.  The  celebrated  work  of  Belidor,  from  its  extent,  and  the  variety 
of  subjects  embraced  and  illustrated,  stands  at  the  head  of  modern  works 
on  hydraulic  devices;  but  of  the  four  large  volumes,  a  small  part  only  is 
devoted  to  machines  for  raising  water,  and  many  such  are  nbt  noticed  at 
all :  besides,  the  cost  of  the  work  and  the  language  in  which  it  is  written 
will  always  prevent  it  from  becoming  a  popular  one  with  American  or 
English  machinists. 

Having  in  the  course  of  several  years  collected  memoranda  and  procured 
most  of  the  works  quoted  in  the  following  pages,  I  have  attempted  to  pre- 
pare a  popular  volume  on  the  subject — something  like  the  one  I  formerly 
longed  for — feeling  persuaded  that  it  will  be  as  acceptable  to  mechanics 
under  circumstances  similar  to  those  to  which  I  have  alluded  as  it  would 
then  have  been  to  myself.  Every  individual  device  for  raising  water  has, 
of  course,  not  been  described,  for  that  would  have  been  impossible ;  but 
every  class  or  species  will  be  found  noticed,  with  such  examples  of  each 
*  as*  will  enable  the  general  reader  to  comprehend  the  principle  and  action 
of  alL  In  addition  to  which,  inventors  of  hydraulic  machines  can  here 
see  what  has  been  accomplished,  and  thus  avoid  wasting  their  energies 
on  things  previously  known. 


IV  PBBFACS. 

In  a  work  of  this  kind  little  that  is  new  can  be  expected  ;  I  have  not» 
however,  servilely  copied  any  author,  but  have  written  the  whole  as  if 
little  had  been  written  before.  I  have  sought  for  information  wherever  I 
could  find  it;  and  with  this  view  have  perused  more  volumes  than  it  would 
oe  prudent  to  name.  A  few  gleanings  which  modern  writers  have  passed 
over  have  been  picked  up— two  or  three  ancient  devices  have  been  snatched 
from  oblivion,  as  the  atmospheric  sprinkling  pot  and  the  philosophical  bel- 
lows, and  some  erroneous  opinions  have  been  corrected  ;  that,  for  example, 
respecting  the  origin  of  the  safety  valve.  There  is  little  room  for  the 
charge  of  arrogance  in  claiming  this  much,  since  it  is  ail  I  have  to  claim 
and  it  is  nothing  but  what  a  little  industry  in  any  one  else  would  have 
realized.  Several  devices  of  my  own  have  also  been  introduced  which 
must  speak  for  themselves.  On  referring  to  old  works  that  are  expensive 
or  of  rare  occurrence  I  have  generally  quoted  the  very  words  of  the  writers, 
under  the  impression  that  some  of  these  works  will  not  long  be  met  with 
at  all.  For  the  convenience  of  perusal  the  work  is  broken  into  chapters, 
and  as  much  miscellaneous  matter  has  been  introduced,  an  index  is  added. 
The  general  arrangement  and  division  of  the  subject  will  be  found  at  the 
dose  of  the  first  chapter. 

In  tracing  ihe  progress  of  any  one  of  the  primitive  arts,  it  is  difficult  to 
avoid  reference  to  others.  They  are  all  so  connected  that  none  can  be  per- 
fectly isolated.  I  have  therefore  introduced  such  notices  of  inventions  and 
inventors  as  seemed  useful  to  be  known  :  facts  which  appeared  interesting 
to  the  writer  as  a  mechanic,  he  supposed  would  not  be  wholly  without 
interest  in  the  opinion  of  his  brethren.  In  this,  I  am  aware,  it  is  easy  to 
be  mistaken ;  for  it  is  a  common  error  to  imagine  that  things  which  are 
interesting  to  ourselves  must  be  equally  so  to  others.  As,  however,  all 
those  devices  that  contribute  to  the  conveniences  of  life  will  ever  possess 
an  intrinsic  value,  the  hope  is  indulged  that  the  following  account  of 
several  important  ones,  although  it  may  present  little  attraction  to  geneial 
readers,  will  at  least  be  found  useful  to  those  for  whom  it  is  more  espe- 
cially designed.  It  certainly  is  not  what  1  could  wish,  but  it  is  the  best  I 
could  produce.  I  am  sensible  that  it  has  many  imperfections,  and  there 
are  doubtless  many  more  which  have  not  been  perceived.  That  I  have 
oflen  been  diverted  from  the  subjects  embraced  in  the  title-page  is  trut^ ; 
and  as  the  whole  was  written  at  long  intervals,  even  of  years,  a  want 
of  order  and  ccnnection  may  be  perceived  in  some  parts,  and  obscurity  felt 
in  others.  AH  that  I  can  offer  to  diminish  the  severity  of  criticism,  is  fireely 
to  admit  there  is  much  room  for  it. 

In  noticing  various  hydraulic  devices,  I  have  endeavored  to  award  hbnor 
to  whomsoever  it  was  due :  to  say  nothing  of  the  ancients,  with  whom  most 
of  them  originated,  it  may  here  be  observed  that  the  Germans  were  the 
earliest  cultivat.ors  of  practical  hydraulics  in  modern  times.  The  Dutch 
(part  of  that  people)  contributed  to  extend  a  knowledge  of  their  inven- 
tions. It  was  a  Dutcnman  who  constructed  the  famous  machinery  at  Marii, 
and  England  was  indebted  to  another  for  her  first  water-works  at  London 
Biidge.  The  simplest  pump-box  or  piston  known,  the  inverted  cone  nf 
leather,  is  of  German  origin,  and  so  is  the  tube-pump  of  Muschenbroek. 
Hose  for  fire-engines,  both  of  leather  and  canvas,  was  mvented  by  Duich- 
men.  They  carried  the  chiam-pump  of  China  to  their  settlements  in  India, 
and  also  to  £urope.  Van  Braam  brought  it  to  the  U.  States.  A  Gennan 
invented  the  air-pump,  and  the  first  high  pressure  steam-engine  figured  in  . 
books  was  by  another.  As  regards  hydmixH^  machinery,  the  Dutch  have 
been  to  the  modems,  in  some  degree  u^h<^^  ^^^  Egyptians  were  to  the 
ancients— ^their  teachers.     The  physical*  ^^graphy  of  Holland  and  Egypt 
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necessarily  led  the  inKabitants  of  both  countries  to  cultivate  to  the  utmosf 
extent  the  art  of  raising  water.  Windjmills  for  draining  water  off  land 
first  occur  (in  modem  days)  in  Holland.  It  is  indeed  the  constant  employ 
nent  of  this  element — wind — that  preserves  the  Dutch  from  destruction 
by  another ;  for,  as  a  nation,  they  are  in  much  the  same  predicament  they 
formerly  put  unruly  felons  in,  viz  :  confining  each  in  a  close  vault  with  a 
pump,  and  then  admitting  a  stream  of  water  that  required  his  unceasing 
efforts  to  pump  out,  to  prevent  himself  from  drowning. 

The  French  have  contributed  the  neatest  machine  known ;  the  ram  of 
Montgolfiei^^-theirs  is  the  double  pump  of  La  Hire,  and  the  frictionless 
piston  of  Cosset— -La  Faye  improved  the  old  tympanum  of  Asia^-Papin 
was  one  of  the  authors  of  the  steam-engine,  and  Le  Demour  devised  the 
centrifugal  pump.  Rotary  oumps  and  the  rein  traduction  of  air-vessels  and 
fire-engines  rest  between  Germany  and  France.  Drawn  leaden  pipes 
were  projected  by  Dalesme.  The  English  revived  the  plunger  pump  and 
stuffing-box  of  Moreland,  and  furnished  the  expanding  metallic  pistons  of 
Cartw right  and  Barton— the  steam-engines  of  Worcester  and  Savery,  New- 
comen  and  Watt — the  pneumatic  apparatus  of  Brown,  and  motive  engines 
of  Cecil  and  others— Whitehurst  was  the  first  to  apply  the  principle  of 
the  ram,  and  the  quicksilver  pump  was  invented  by  Hawkins— Hales 
invented  the  milfing  of  sheet  lead,  and  the  first  drawn  pipes  were  made 
by  Wilkinson.  Switzerland  contributed  the  spiral  pump  of  Wirtz— ~A(ne- 
nca  has  furnished  the  riveted  hose  of  Sellers  and  Fen  nock,  the  motive 
machine  of  Morey,  and  high  pressure  engines  of  Evans ;  and  both  have 
given  numerous  modifications  of  every  hydraulic  device.  The  Italians 
have  preserved  many  ancient  devices,  and  to  them  the  discoveries  of  Gal- 
iileo  and  Torricelli  respecting  atmospheric  pressure  are  due.  Porta  has 
given  the  first  figure  of  a  device  for  raising  water  by  steam,  and  Ventuii's 
experiments  have  extended  their  claims. 

Remarks  have  occasionally  been  introduced  on  the  importance  of  the 
mechanic  arts  and  the  real  dignity  attached  to  their  profession,  notwith- 
standing the  degraded  state  in  which  operatives  have  ever  been  held  by 
those  who  have  lived  on  their  ingenuity  and  become  enriched  by  their 
skill.  But  this  state  of  things  we  believe  is  passing  away,  and  the  time  is 
not  distant  when  such  men,  instead  of  being  deemed,- as  under  the  old 
regime,  virtual  serfs,  will  exert  an  influence  in  society  commensurate  with 
their  contributions  to  its  welfare.  And  where,  it  may  be  asked,  is  there 
a  comfort,  or  convenience,  or  luxury  of  life,  which  they  do  not  create  or 
assist  to  furnish,  from  the  bread  that  sustains  the  body  to  the  volume  that 
informs  the  mind  ?  '         ^        * 

Few  classes  have  a  more  honorable  career  before  them  than  intelligent 
mechanics.  Certainly  none  have  better  opportunities  of  associating  their 
names  with  those  of  the  best  of  their  species.  Science  and  the  arts  open 
the  paths  to  true  glory ;  and  greater  triumphs  remain  to  be  achieved  in 
both  than  the  world  has  yet  witnessed.  Human  toil  has  not  been  dijspensed 
with,  but  it  certainly  will  be  superseded,  in  a  great  measure,  if  not  alto- 
gether, by  forces  derived  from  inanimate  nature.  A  great  part  of  the  globe 
ts  yet  a  desert,  inhabited  by  beasts  of  prey,  or  by  men  more  savage  than 
they ;  whereas  the  Creator  designs  the  whole  to  be  a  garden  and  peopled 
with  happy  intelligences,  as  in  the  first  Eden.  It  is  much  too  common  to 
seek  ephemeral  distinction  on  the  troubled  sea  of  politics  or  party  ;  but  of 
the  thousands  who  launch  their  barks  upon  it,  how  few  ever  reach  the 
haven  of  their  wishes  !  The  greater  part  are  soon  engulphed  in  oblivion, 
while  not  a  few,  exhausted  by  useless  struggles,  are  bereft  of  their  ener- 
vie0  and  quickly  sink  in  despair-^but  no  fame  is  more  certain  or  more 
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durable  than  that  which  arises  from  useful  inventions.  "Whitney  nn-l 
Whittemore,  Evans  and  Fulton,  will  be  remembered  as  long  as  cotton  gins, 
carding  machines,  steam-engines,  and  steam-boats  are  known  on  these 
continents,  and  when  contemporary  politicians  are  wholly  forgotten — in 
fact  most  of  these  are  so  already.  The  name  of  Watt  will  be  known  while 
that  of  every  warrior  and  monarch  and  statesman  of  his  day  has  perished  ; 
and  so  it  oue^ht  to  be,  for  with  few  exceptions,  he  contributed  more  to  the 
happiness  of  his  species  than  have  such  men  from  the  beginning  of  time. 
No  one  is  now  interested  in  learning  any  thing  respecting  the  sanguinary 
Bull  of  Burgundy  and  his  wily  antagonist,  the  eleventh  Louis  of  France, 
whose  contests  kept  for  years  the  European  world  in  an  uproar ;  and  the 
latter,  not  content  with  murdering  his  species  by  wholesale,  in  his  old  ag^e 
slew  infants  that  he  might  acquire  new  vigor  by  bathing  in  their  blood  : 
but  as  long  as  time  endures,  the  world  will  revere  the  names  of  their 
contemporaries-— Gottenburg,  Koster,  Faust,  and  Schoeffer  and  their  asso- 
ciates in  printing  and  type- founding. 

Science  and  the  arts  are  renovating  the  constitution  of  society.  The 
destiny  of  nations  cannot  be  much  longer  held  by  political  gamblers,  wealthy 
dolts,  titled  buffoons,  and  royal  puppets ;  these  no  longer  sustained  by 
factitious  aids  must  descend  f  o  their  own  level.  Theories  of  governments 
will  not  be  opposed  to  nature  and  carried  out  in  violation  of  her  laws ;  but 
practical  science  will  be  the  ruling  principle ;  and  practical  philosophers 
will  be,  as  Qod  designed  they  should  be,  the  master  spirits  of  the  world. 
The  history  and  progress  of  the  useful  arts  will  soon  become  a  subject  of 
general  study.  Historians  will  hereafter  trace  in  them  the  rise  and  fall  of 
nations ;  for  power  and  preeminence  will  depend  upon  new  discoveries  in 
and  applications  of  science.  Battles  will  soon  be  fought  by  engineers 
instead  of  generals,  and  by  mechanism  in  place  of  men.  But  battles,  we 
trust,  will  hereafter  be  few ;  for  if  ever  men  were  called  upon  by  that 
which  is  dear  to  them  and  their  race — by  that  which  is  calculated  to  rouse 
'.he  purest  feelings  and  exterminate  the  worst  ones,  k  is  to  denounce  that 
spirit  of  military  glory  which  encourages  and  induces  t)ffensive  wars.  Take 
away  all  the  false  glare  and  pomp  of  wars,  and  tyranny  will  expire — for  it 
would  have  nothing  to  support  it.  Put  war  in  its  true  light,  and  no  wel* 
regulated  mind  would  ever  embrace  it  as  a  profession. 

To  poets  and  writers  of  romance,  the  annals  of  mechanism  present  ui< 
explored  sources  of  materials.  They  are  mines  of  the  richest  ores—, 
fields  teeming  with  the  choicest  fruits  and  flowers.  Here  are  to  be  found 
incidents  as  agreeable  and  exciting  in  their  natures,  and  as  important  in 
their  effects  as  anything  that  can  be  realized  by  the  imagination  alone ; 
such  too,  as  present  nothing  to  offend  the  finest  taste,  or  conflict  with  the 
purest  morals.  When  novelists  have  worn  out  the  common  ground  ;  (and 
they  seem  already  to  have  done  so,)  when  mere  sentiment  grows  flat,  and 
the  exhibition  of  the  passions  becomes  stale ;  when  politics,  history  and 
love  are  exhausted — works  founded  on  the  origin,  progress,  and  maturity 
of  the  useful  arts  ^ill  both  charm  the  imagination  and  improve  the  judgment 
of  readers.  Does  an  author  wish  to  introduce  characters  who  have  left 
permanent  iippressions  of  their  genius  unon  ^^^  world  1  Where  can  he  And 
them  in  such  variety  as  in  the  race  ofi^\miar9  ?  I«  he  desirous  of  enrich 
ing  his  pages  with  singular  eomcldetif^  ^^^7rions  facts,  surprising  results 
—to  fascinate  his  readers,  and  cause  tjj-.  >  ^  ^n^^^P*^  ^®  ®^^  °^  ^^®  pages 
with  regret  I  Let  him  detail  the  ^irc.  '^  t^  y#e^  ^^^^  ^'^  ^  ^®  conception, 
and  accompanied  the  improvement  Qf\  ^/^  y^ntions  and  discoveries  that 
dave  elevate/  civilised  man  aZ/ore  (L  ^i||  ^//^ 
If  such  a  writer  d  wrous,  for  kg^  ^  ^^  /^' ^0^^  *•  ■**  '    *^®  ^^^ 


• 
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bardlj  do  it  more  effectually  than  by  writing  a  volume  on  the  labors  of 

Srimitive  spinsters,  ere  the  distafT  was  adopted,  or  the  spindle  (the  original 
y-wheel)  was  invented ;  by  detailing  the  circumstances  that  gave  birth 
to  those  implements,  with  the  trials,  observations,  customs  and  anecdotes 
connected  with  their  introduction  and  their  use»— imagining  the  congra- 
tulations that  were  poured  upon  the  artist  who  wove  the  first  web  in  a 
loom,  and  the  praises  bestowed  upon  the  author  of  that  machine  and  the 
shuttle — recalling  the  times  and  scenes  when  groups  of  laughing  females 
were  hastening  to  examine  the  first  colored  mantles ;  and  recording  the 
bursts  of  admiration  which  dropped  from  them  (in  all  the  force  of  oriental 
hyperbole)  upon  witnessing  the  processes  by  which  purple  and  scarlet 
and  crimson  and  green,  &c.  were  produced— recounting  the  methods  by 
which  the  art  of  dyeing  wrought  a  revolution^  in  costume,  and  how  it  be- 
came one  of  the  great  sources  of  wealth  to  Babylon  and  Tyre— referring 
to  the  gratification  which  the  invention  of  needles  and  pins,  of  thimbles 
and  combs,  conferred  on  ancient  dames ;  and  noticing  the  influence  of 
these  in  improving  the  dress  and  deportment  of  womeD-«-describing  the 
trials  of  artists  before  they  succeeded  in  perfecting  these  instruments,  and 
>  on,  until  every  addition  to  domestic  dwellings,  to  household  furniture^ 
and  to  dress  be  reviewed — ^until  every  thing  which  a  modem  lady  possesses 
over  an  Indian's  squaw  be  brought  forward  and  described,  widi  all  the 
known  facts  and  circumstances  associated  with  its  history  and  application ; 
— ^and  thus  form  a  series  of  essays  on  the  arts,  in  which  every  line  would 
be  poetry,  and  every  incident  new. 

A  new  species  of  drama  might  here  take  its  rise ;  one  possessing  equal 
attractions  and  exhibiting  equally  interesting  pictures  ol  human  life,  as 
any  thing  which  writers  of  comedy  or  tra^dy  have  yet  produced.  Here 
are  characters  and  customs  of  every  variety,  age,  and  nation — incidents 
and  adventure  in  the  greatest  profusion — the  extremes  of  misery  and  bliss, 
of  poverty  and  wealth,  of  suffering  virtue  and  unrequited  toil,  and  their 
opposites.  Here  the  humblest  individuals  have,  by  industry  and  ingenuity, 
risen  from  obscurity  and  astonished  the  world.  Mechanics  have  become 
kings  like  the  old  potter  of  Sicily,  (Affathocles,)  Aurelius  the  blacksmith 
of  Rome,  and  Leitz  the  tinker  who  founded  the  caliph  dynasty  of  the 
Soffarites.  Kings  have  left  their  thrones  to  become  workmen  in  brass  and 
silver,  wood  snr  iron ;  as  Demetrius  at  his  lathe,  ^ropus  making  lamps 
and  tables,  Charles  V.  in  his  watchmaker's  shop ;  ana  if  some  bizarre 
examples  are  wanted,  there  is  still  to  be  seen  the  mantua-making  apart- 
ment of  Ferdinand  VII.  with  specimens  of  his  work. 

A  play  might  be  founded  on  the  fairs  held  at  Delos,  (the  Pittsburg  of 
of  the  old  Greeks,)  where  merchants  (observes  Pliny)  assembled  from  all 
parts  of  the  world  to  purchase  hardware  and  bronze.  An  island  whose 
artists  were  ennobled  for  the  beauty  and  finish  of  their  works  in  the  metals, 
and  who  particularly  excelled  in  brazen  feet  for  chairs,  tables,  and  bed- 
steads, and  in  statues  and  other  large  works  in  brass.  Then  there  was 
the  workmen  of  £gina,  who  beat  all  others  in  fabricating  branches  and 
'and  sockets  of  candelabra ;  while  those  of  Tarentum  produced  the  best 
pedestals  or  shafis.  In  connection  with  which,  there  is  the  singular  story 
of  the  Lady  Gegania,  who,  after  giving  50,000  sesterces  for  a  bronze  candle- 
stick, adopted  its  ill-favored  and  hump-backed  maker  for  her  companion 
and  heir. 

How  rich  in  interest  would  a  dramatic  scene  be  if  Isid  in  an  antediluvian 
smith's  shop !  (Forges  have  always  been  places  of  resort)  To  notice 
the  characters  of  the  visitants,  listen  to  their  remarks,  examine  the  instru- 
ments fabricated  by  the  artist,  his  materials,  fuel,  bellows,  and  other  tools ' 
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There  is  not  a  more  interesting  scene  in  all  the  Iliad  than  the  descriptioii 
of  Vulcan  at  work.  But  if  such  a  distance  of  time  is  too  remote,  there  is 
the  forge  of  Kawah,  the  blacksmith  of  Ispahan,  he  whose  ajntm  was  for 
centuries  the  banner  of  the  Persian  empire.  The  forge  of  Aurelius  also, 
where  he  made  the  sword  by  which  he  was  while  emperor  slun. 

A  scene  mi?ht  open  in  the  barber's  shop  of  Alexandria,  in  which  the  boy 
Ctesibius  used  to  play,  and  where  the  first  scintillations  of  his  genius 
broke  out ;  while  his  subsequent  speculations,  his  private  essays  and  public 
experiments,  some  of  which  were  probably  exhibited  before  the  reigning 
Ptolemies,  might  be  brought  into  view— his  pupil,  Heron,  and  other 
philosophers  and  literati  might  also  be  included  m  the  plot  Of  the  con- 
nection of  barbers  with  important  events  there  is  no  end^-there  was  the 
tatliiig  artist  of  Midas,  the  spruce  hair-dresser  of  Julian  the  emperor,  the 
inquisitive  one  that  saved  CsBsar's  life  by  listening  to  the  conversation  of 
assassins — ^the  history  of  the  silver  shaving  vessel  with  which  the  benevo- 
lent father  of  Marc  Anthony  relieved  the  pecuniary  distresses  of  a  friend 
— there  was  the  wicked  Oliver  Dain ;  and  the  ancestor  of  Tunstall,  the 
famous  Bishop  of  Durham,  was  barber  to  William  the  Conqueror  :  hence 
the  bishop's  coat  of  arms  contained  three  comJbi, 

Who  would  not  go  to  see  a  representation  of  the  impostures  of  the 
heathen  priesthood  1  Men  who  in  the  dai  kest  times  applied  some  of  the 
finest  principles  of  science  to  the  purposes  of  delusion !  With  what 
emotions  should  we  enter  their  secret  recesses  in  the  temples  1 — places 
where  their  chemical  processes  were  matured,  their  automaton  figures  and 
other  mechanical  apparatus  conceived  and  fabricated,  and  where  experi- 
ments were  made  before  the  miracles  were  consummated  in  public.  But 
it  is  impossible  to  enumerate  a  tithe  of  the  subjects  and  incidents  for  the 
dra'hia  that  might  be  derived  from  the  history  of  the  arts  :  they  are  more 
numerous  than  the  mophanical  professions— more  diversified  than  articles 
of  traffic  or  implements  of  trades.  The  plots,  too,  might  be  rendered  as 
complicated,  and  their  denouement  as  agreeable  or  disagreeable  as  could 
be  desired :  and  what  is  better  than  all,  in  such  plays  the  moral,  intel- 
lectual and  inventive  faculties  of  an  audience  would  be  excited  and  im- 
proved— science  would  pervade  every  piece,  and  her  professors  would 
be  the  principal  performers. 

THOS.  EWBANK 
MMyYwrk,  Ikumber,  1841. 
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psmimrE  and  ancient  devices  for  raising  water 


CHAPTER    I. 

TbenibJ6et4^  rai«l«f  wtume,  iutMntHing  to  PlulciC|ittfln  md  MeclHUiics^Ijed  to  the  iBveniioa  of  tke 
flCMOi  Engine— ^^nnectod  witb  the  pre«eat  adrancAd  state  of  the  Arte— Orifia  of  Che  ueoAil  arts  ioel  ■ 
noir  hutorjr  neglected  by  the  Ancieate— Pint  Inrentors  the  greatest  benelhetori— MeaMuriale  of  thea 
ponehed,  while  accounte  of  warriora  and  their  acta  penrade  and  pollute  the  pages  of  history — A  record 
•f  the  origin  and  earlj  progress  of  the  arts  more  useAil  and  interesting  than  all  the  worhs  of  historiusa 
flOant—Tbe  history  ot  a  single  tool,  (as  that  of  a  hammer,)  invalnable— In  the  general  wreck  of  iho 
Vta  of  the  aacients,  moat  of  their  devieea  for  raiaing  water  preaerred-^atiae  of  this— Hydranlk  ma- 
•hiaas  of  rwf  remote  ocigiB— Few  iaToaiod  by  the  Greoka  vA  ftunaas— Arrangomeot  i»d  divisioa  of 
thesttlgecu 

Although  the  subject  of  this  work  raay  present  nothing  very  alloring 
to  the  general  reader,  it  is  not  destitute  of  interest  to  the  philosopher  ana 
intelligent  mechanic.  The  art  of  raising  water  has  ever  been  closely 
connected  with  the  progress  of  man  in  civilization,  so  much  so,  indeed, 
that  the  state  of  this  art,  among  a  people,  may  be  taken  as  an  index  of 
their  position  on  the  scale  of  refinement.  It  is  also  an  art,  which,  from 
its  importance  called  forth  the  ingenuity  of  man  In  the  infancy  of  soci- 
ety ;  nor  is  it  improbable,  that  it  originated  some  of  the  simple  machines, 
or  mechanic  powers  themselves.  % 

It  was  a  favorite  subject  of  research  with  eminent  mathematicians  and 
engineers  of  old  ;  i^nd  the  labors  of  their  successors  in  modem  days,  have 
been  rewarded  with  the  most  valuable  machine  which  the  arts  ever  nro- 
sented  to  man — the  STEAM  ENGINE — for  it  was  "  raising  of  water'* 
that  exercised  the  ingenuity  of  Degaus  and  Worobstsr,  Morbland  and 
P^piN,  Savart  «Bd  ^Tbwcomen;  and  those  illustrious  men,  whose  suo 
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cessive  labprs  developed  and  matured  that  **  semi-oinmpotent  engine/' 
which  '*  driveth  up  water  by  fire.''  A  machine  that  has  already  greatly 
changed  and  immeasurably  improved  the  state  of  civil  socie^  ;  and  one 
which,  in  conjunction  with  the  piunting  prlss,  is  destined  to  renovate 
both  the  political  and  mond  world.  The  subject  is  therefore,  intimately 
connected  yrith  the  present  advanced  state  of  the  arts  ;  and  the  amazing 
progress  made  in  them  <lunng  the  last  two  centuries,  may  be  attributed 
m  some  degree  to  its  c  jud  -'tuon. 

The  origin  and  early  history  of  this  art,  (and  of  all  others  of  primitive 
limes)  are  irrecoverably  lost  Tradition  has  scarcely  preserved  a  single 
anecdote  or  circumstance  relating  to  those  meritorious  men,  with  whom 
any  of  the  useful  arts  originated ;  and  when  in  process  of  time,  iu^tcirt 
took  her  station  in  the  temple  of  science,  her  professors  deemed  it  beneath 
her  dignity,  to  record  the  actions  and  lives  of  men,  who  were  merely  in- 
ventors of  machines,  or  improvers  of  the  useful  arts  y  thus  nearly  all 
knowledge  of  those  to  whom  the  world  is  under  the  highest  of  obliga- 
tions, has  perished  forever. 

The  SCHOLAR  mourns,  and  the  antiquary  weeps  over  the  wreck  of 
ancient  learning  and  art — ^the  PHfLosopHER  regrets  that  sufficient  of  both 
has  not  been  pres3rved  to  elucidate  several  interesting  discoveiies,  wliicJi 
history  has  m6nd9ned ;  nor  to  prove  that  those  principles  of  science,  upon 
which  the  action  of  some  old  machines  depended,  were  understood ;  and 
the  MECHANIC  inquires  in  vain  for  the  processes  by  which  his  predecessors 
in  remote  ages,  worked  the  hardest  granite  without  iron,  transported  it 
in  masses  that  astound  us,  and  used  them  in  the  erection  of  stupendous 
buildings,  apparently  with  the  facility  that  modem  workmen  lay  bricks, 
or  raise  the  lintels  of  doors.  The  machines  by  which  they  were  elevated 
are  as  unknown  as  the  individuals  who  directed  their,  movements.  We 
are  almost  as  ignorant  of  their  modes  of  working  the  metab,  of  their  al- 
loys which  rivalled  steel  in  hardness,  of  their  furnaces,  crucibles,  and 
moulds ;  the  details  of  forming  the  ennobling  statue,  or  the  more  useful 
skillet  or  cauldron.  Did  the  ancients  laminate  metal  between  rollers,  and 
draw  wire  throtigh  plates,  as  we  do  ?  or,  was  it  extended  by  hammers,  as 
some  specimens  of  both  seem  to  show  I*  On  these  and  a  thousand  other 
subjects;  much  uncertainty  prevails.  Unfortunately  learned  men  of  old, 
deemed  it  a  part  of  wisdom,  to  conceal  from  the  vulgar,  all  discoveries  in 
science.  With  this  view,  they  wrapped  them  in  mystical  figures,  that 
the  people  might  not  apprehend  them.  Th^e  custom  was  at  one  time  so 
general,  that  philosophers  ^refused  to  leave  any  thing  in  writing,  explana- 
tory of  their  researches. 

Whenever  we  attempt  to  penetrate  that  obscurity  which  conceals  from 
our  view,  the  works  of  the  ancients,  we  are  led  to  regret,  that  some,  of 
their  mechanics  did  not  undertake,  for  the  sake  of  posterity  and  their 
ow:''  fame,  to  write  a  history  and  description  of  their  machines  and  manu- 
factures. 

We  knbw  that  philosophers,  generally,  would  not  condescend  to  per- 
form such  a  te.sk,  or  stoop  to  acquire  uie  requisite  information,  for  they 
aeemed  it  discreditable  to  apply  their  energies  and  learning,  to  the  eluci- 
datioA  of  such  subjects.  (Few  could  ho^B^  'W'ith  Hippias— who  was  master 
of  the  liberal  and  mechanical  arts««^(i     ^Ing  on  his  finger,  the  tunic,  cloak, 

•  "  And  they  did  heat  Oe  gold  into  Ab^T*"''*'^''^^^  «rt  it  in*®  wires."    Exod.  xxxix,  3. 
TheM  plates,  were  probably  «imiiv  to  thF}^L^    ^Dj  ^  ancient  goldsmiths  of  Mexico 
which  were  "  three  qunten  of  a  janf  /o^^  ^*A^  AfBff«n  broad,  and  as  thicke  as  pareh> 
meot."  Purehas'  Pilgrimage,  984.  *^sS^,  i^^^  /^fit^i  '^  brought  from  Tanhiah, 
and  gold  from  Uphas/'   7er.x,9.       %V  ^0^/>^ 


^ 
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and  slioes  which  he  wore,  were  the  work  of  his  own  hands.)  Plato  in 
vctghea  with  great  indignation  against  Archytas  and  Eudoxus,  for  having 
debased  and  corrupted  the  excellency  of  geometry,  by  mechanical  so- 
lutions, causing  her  to  descend,  as  he  said,  from  incorporeal  and  intellec- 
tual to  sensible  things ;  and  obliging  her  to  make  use  of  matter,  which  re- 
quires manual  labor,  and  is  the  object  of  servile  trades.* 

To  the  prevalence  of  such  unphilosophical  notions  amongst  the  learned 
men  of  ola, '  may  be  attributed,  the  irretrievable  loss  of  information  re* 
specdng  the  prominent  mechanics  of  the  early  ages,  those 

''  Searching  wits, 

Who  graced  their  age  with  nevv  invented  arts."         Fwytf,  En.  vi,  900. 

Their  works,  their  inventions,  and  their  names,  are  buried  beneath  the 
waves  of  oblivion;  Whilst  the  light  and  worthless  memorials  of  heroes 
falsely  so  called,  have  floated  on  the  surface,  'and  history  has  become  pol- 
luted with  tainted  descriptions  of  men,  who,  without  having  added  an 
atom  to  'the  wealth,  or  to'  die  happiness  of  society,  have  been  permitted 
to  riot  on  the  firuit  of  other  men's  labors ;  to  wade  in  the  blood  of  their 
species,  and  to  be  heralded  as  the  honorable  of  the  earth !  And  still,  as 
in  former  times,  humanity  shudders,  at  these  monsters  being  held  up,  as 
they  impiously  are,  to  the  admiration  of  the  world,  and  even  by  some 
christians  too,  as  examples  for  our  children. 

"  We  may  reasonably  hope,"  says  Mr.  Davies  in  his  popular  work  on 
the  Chinese,  '*  that  the  science  and  civilization  which  have  already  greatly 
enlarged  the  bounds  of  our  knowledge  of  foreign  countries,  may,  by 
diminishing  the  vulgar  admiration  of  such  pests  and  scourges  of  the 
human  race,  as  military  conquerors  have  ususily  proved,  advance  and  fa- 
cilitate the  peaceful  intercourse  of  the  most  remote  countries  with  each 
other,  and  thereby  increase  the  general  stock  of  knowledge  and  happiness 
among  mankind."     Vol.  1, 18. 

"  Of  what  utility  to  us  at  this  day,  is  either  Nimrod,  Cyrus,  or  Alexan- 
der, or  their  successors,  who  have  astonished  mankind  from  time  to  time  1 
With  all  their  magnificence  and  vast  designs,  they  are  returned  into  nothing 
with  regard  to  us.  They  are  dispersed  like  vapors,  and  have  vanished 
like  phantoms.  But  the  inventors  of  the  arts  and  sciences  labored 
for  ALL  AGES.  We  still  enjoy  the  fruits  of  their  application  and  industry— 
they  have  procured  for  us,  all  the  conveniencics  of  life-^ihey  have  con- 
verted all  nature  to  our  uses.  Yet,  all  our  admiration  turns  generally  on 
the  side  of  those  heroes  in  blood,  while  we  scarce  take  any  notice  of  what 
we  owe  to  the  inventors  op  the  arts.'*  RoUin's  LUroducticn  to  the  Arts 
and  Sciences  of  the  Ancients. 

Who  that  consults  history,  only  for  that  which  is  useful,  would  not  pre- 
fer to  peruse  a  journal  of  the  daily  manipulations  of  the  laborers  and  me- 
chanics who  furnished  clothing,  arms,  culinary  utensils,  and  food  for  the 
armies  of  old— to  the  most  eloquent  descriptions  of  their  generals,  or  their 
battles  ?  And  as  it  is  now  with  respect  to  accounts  of  such  transactions 
in  past  age^— so  will  it  be  in  future  with  re'gard  to  similar  ones  of  mo- 
dern times.  Narrations  of  political  convulsions,  recitals  of  battles,  and  of 
honors  conferred  on  statesmen  and  heroes,  while  dripping  with  human 
gore,  will  hereafter  be  unnoticed,  or  will  be  read  with  horror  and  disgust, 
while  discoveries  in  science  and  descriptions  of  useful  machines, 
will  be  all  in  all.  « 

It  is  pleasing  to  anticipate  that  day,  which  the  present,  extensive  and 
extending  diffusion  of  knowledge  is  &bout  to  usher  in,  when  despotism 

•  Phitarch*t  Life  of  Marcs^Ios. 
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•hall  no  longer  hold  the  great  ma8S  of  our  species,  jx  a  state  of  unnatur 
ral  ifipiorancc,  and  of  physical  degradation,  beneath  that  of  tlA  beasts 
which  perish ;  but  when  the  mechanics  of  the  world,  the  creators  of  its 
wealthy  shall  exercise  that  influence  in  society  to  which  their  labors  en- 
title them. 

If  we  judged  correctly  of  human  character,  we  should  admit  that  the 
mechanic  who  made  the  chair  in  which  Xerxes  sat,  when  he  reviewed 
his  mighty  host,  or  witnessed  the  sea  fight  at  Salamis,  was  a  more  use- 
ful member  of  society  than  that  great  kine :— -and,  that  the  artisans 
who  constructed  the  drinking  vessels  of  Mardonius,  and  the  brass  maq- 
gers  in  which  his  horses  were  fed,  were  really  more  worthy  of  posthu- 
mous fame,  than  that  general,  or  the  monarch  he  served :  and,  if  it  be 
more  virtuous,  more  praiseworthy,  to  alleviate  human  sufferings  than  to 
cause  or  increase  them ;  then  that  old  mechanician,,  who,  when  Marcus 
Sergius  lost  his  hand  in  the  Punic  war,  furnished  him  with  an  irom  one, 
was  an  incomparably  better  man,  than  that  or  any  other  mere  Warrior: 
and  so  was  he,  who,  according  to  Herodotus,  constructed  an  artificial  foot 
for  Hegisostratus.* 

Notwithstanding  the  opinion  of  Plato— we  believe  a  description  of  the 
WORKSHOPS  of  Djsdalus,  and  of  Talus  his  nephew;  those  of  Tueodo- 
Rus  of  Samos  and  of  Glaucus  of  Chios,  (the  alleged  inventor  of  the  in- 
laying of  metals ;)  an  account  of  the  process  of  makm?  the  famous  Lesbian 
and  Dodonean  cauldrons,^  and  of  the  method  by  wnich  those  celebrated 
paintings  in  glass,  were  executed,  fragments  of  which  have  come  down 
to  us,  and  which  have  puzzled,  and  still  continue  to  puzzle,  both  our  ar- 
tists and  our  chemists ;  (the  figures  in  which,  of  the  most  minute  and  ex- 
quisite finish,  pass  entirely  and  uniformly  through  the  glass  ;)^  if  to  these 
were  added,  the  particulars  of  a  working  jeweller's  shop  of  Persepolis 
and  of  Troy ;  of  a  lapidary's  and  an  engraver's  of  Memphis ;  of  a  cut- 
ler's and  upholsterer's  of  Damascus ;  and  of  a  cabinet  maker's  and  bra- 
sier's  of  Rome ;  together  with  those  of  a  Sidonian  or  Athenian  ship  yard 
— sucli  a  record  would  have  been  more  truly  useful,  and  more  really  tn- 
Urestifig^  than  almost  all  that  ancient  philosophers  ever  wrote,  or  poets 
ever  simg. 

A  description  of  the  povndrirs  and  forges  of  India  and  of  Egypt; 
of  Babylon  and  Byzantium ;  of  Sidou,  and  Carthage  and  Tyre ;  would 
have  imparted  to  us  a  more  accurate  and  extensive  knowledge  of  the 
ancients,  of  their  manners  and  customs,  their  intelligence  and  progress  in 
science,  than  all  the  works  of  their  historians  extant;  and  would  have 
been  of  infinitely  greater  service  to  mankind. 

Had  a  narrative  been  preserved,  of  all  the  circumstances  which  led  to 
the  invention  and  early  applications  of  the  lever,  the  screw,  the  wedge, 
PULLEY,  WHEEL  and  AXLE,  &c. ;  and  of  those  which  contributed  to  the 
discovery  and  working  of  the  metals,  the  use  and  management  of  fire, 
agriculture,  spinning  of  thread,  matting  of  felt,  weaving  of  cloth,  &c.  it 
would  have  been  the  mi>st  perfect  history  of  our  species — the  most  valua- 
ble of  earthly  legacies.  Though  such  a  work  might  have  been  deemed  of 
trifling  import  by  philosophers  of  old,  with  what  intense  interest  would 
it  have  been  perused  by  scientific  men  in  modem  times!  and  what 
pure  delight  its  examination  would  have  imparted  to  every  inquisitive  and 
intelligent  mind  I 

Such  a  record^  would  not  onlv  have  filled  the  mighty  chasm  m  the  early 
history  of  liie' world,  but  would  have  had  an  important  influence  in  pro* 

•UenMLiz^r    ^ Eneid,  iiL  d06»  and  v,  350.   Herod,  iv,  61.    •  Ed.  Ewto.  Art  Glaa 
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rooting  the  l>est  interests  of  our  race.  It  would  have  embraced  incidents 
respecting  man's  early  wants,  and  bis  rude  efforts  to  supply  them  ;  par* 
ticulars  respecting  eminent  individuals,  and  the  origin  of  antediluYian  dis> 
ooTeries  and  inyendons,  &c.  o£  such  thrilling  interest,  as  no  modem  no- 
velist could  equal,  nor  the  most  fertile  imagination  surpass. 

It  would  have  included  a  detail  of  those  eventful  experiments  in  which 
iron  was  fii;^t  cast  into  cauldrons,  forged  into  hatchets,  and  drawn  into 
wire ;  with  an  account  of  the  individuab,  by  whose  ingenuity  and  perse- 
verance, these  invaluable  operations,  worse*  for  the  first  time  on  this  pla- 
net, successfully  performed.  Finally,  it  would  have  convinced  us,  that 
these  men  were  the  tnte  iibrobs  of  old,  the  genuine  ijenefactors  of  their 
species,  whose  labors  were  for  the  benefit  oi'bU  a? es,  and  all  people ;  and 
an  account  of  whose  lives  (not  those  of  robbers,)  should  have  occupied  tlie 
pages  of  history,  and  whose  names  should  have  been  embalmed,  in  ever- 
lasting remembrance. 

A  chronological  account  of  a  few  mechanical  implcfnenUf  would  have  af- 
forded a  clearer  insight  into  the  state  of  society  in  remote  times,  than  any  wri- 
tings now  subsisting.  Nay,  if  we  could  realize  a  complete  history  of  a  single 
£90/,  as  a  hammer,  a  saw,  a  chisel,  a  hatchet,  an  auger,  or  a  loom,  it  would  form 
a  more  comprehensive  history  of  the  world,  than  has  ever  been,  or  perhaps 
ever  will  be  written.  Take  for  example  a  kamtner;  what  a  multitude  of  in- 
teresting circumstances  are  inseparably  connected  with  its  development 
and  early  uses  !  circumstances,  which,  if  we  were  in  ])osscssion  of,  would 
explain  almost  all  that  is  dark  and  mysterious  respecting  our  ancient  pro- 
genitors. A  history  of  this  implement  would  embrace  the  origin  and  ge- 
neral progress  of  idl  the  useful  arts ;  and  would  elucidate  the  civil  and 
aciendtic  acquirements  of  man,  in  every  age.  It  would  open  to  our 
view,  the  public  and  private  ecoqomy  of  the  ancients ;  introduce  us  into 
the  interior  of  their  workshops,  their  dwellings  and  their  temples;  it 
would  illustrate  their  manners,  politics,  religion,  superstition,  &c.  In  trar 
eing  the  various  purposes  to  which  it  was  applied,  we  should  become  ac- 
quainted with  all  the  material  transactions  in  the  lives  of  some  ancient  in- 
dividuals from  their  birth  to  their  death ;  and  also,  with  the  circumstances 
which  led  to  the  rise  and  fall  of  empires.  Like  the  celebrated  *'  History 
of  a  Guinea,"  it  would  open  to  our  inspection  all  the  minutiss  in  private 
and  public  life. 

How  infinitely  various,  are  the  materials,  sizes,  forms,  and  uses  o£  the 
hammer  1  and  how  indicative  are  they  all  of  the  state  of  society  and  man- 
mersl  At  first,  a  club;  then  a  rude  mallet  of  wood  ;  next,  the  head  form- 
ed of  stone,  and  bound  to  the  handle  by  withes,  or  by  the  sinews  of  ani- 
mals ;  afterward,  the  heads  formed  of  metal.  These,  before  iron  or  steel 
was  known,  were  often  of  copper  and  even  of  gold ;  and  subsequently, 
diose  of  the  latter  material  were  faced,  like  some  ancient  chisels*  with  the 
more  scarce  and  expensive  iron.* 

Ancient  hammers  varied  as  now  in  size,  from  the  huge  sledge  of  the 
Cyclops,  to  the  portable  one,  with  which  Vulcan  chased  me  more  delicate 
work  on  the  shield  o£  Achilles,-^frr)m  the  maul,  by  whieli  masses  of  ore 
were  separated  from  their  beds  in  tlie  mines,  to  the  diminutive  ones,  which 
Myrmeeides  of  Miletus,  and  Theodoi*us  of  Samos,  used  to  fabricate  car- 
riages and  horses  of  metal,  which  were  so  minute  as  to  be  covered  by  the 

*"  It  appears  that  in  the  tangible  reniaiiiii  of  smeltiBf  fnmaees,  foaodl  in  Siberia,  that 

£»ld  hammeri,  knives,  chisels,  &c.  have  been  discovered,  ihe  edges  of  idktflA  were  skil- 
\\y  tmed  with  iron;  showing  the  scarcity  of  the  ore,  the  dilficult^  of  mannfactiirinf 
it,  and  the  pleuly  and  appaMnthr  triflinf  value  of  the  other.'*  Scientific  Tracts,  Bos> 
ton,  1833.   VoLai,411. 
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winga  of  a  fly.  lla  Jigure  atta  always  varied  with  its  uses,  and  none  but 
mtxlern  workers  in  the  metals  can  realize  the  endless  variety  of  its  shapes,* 
which  the  ancient  smiths  required,  to  fabricate  the  wonderfully  diversified 
articles  of  their  manuafcture :  from  the  massive  brazen  altars  and  chariots, 
to  the  chased  goblets,  and  invaluable  tripods  or  vases,  for  the  possession 
of  which,  whole  cities  contended. 

The  history  of  the  hammer  in  its  widest  range,  would  let  us  into  the 
secrets  of  the  statuaries  and  stone  cutters  of  old :  we  should  learn  the  pro- 
cess of  making  those  metallic  compounds,  and  working  them  into  tools> 
with  which  the  Egyptian  mechanics  sculptured  those  indurate  columns 
that  resist  the  best  tempered  steel  of  modem  days.  It  would  introduce  us 
to  the  ancient  chariot  makers,  cutlers  and  armorers;  and  would  teach  as 
how  to  make  and  temper  the  blades  of  Damascus ;  as  well  as  those  which 
were  forged  in  the  extensive  manufactory  of  the  father  of  Demosthenes. 
It  would  make  us  familiar  with  the  arts  of  the  ancient  carpenters,  coiners, 
coopers  and  jewellers.  We  should  learn  from  it,  the  process  of  forging 
dies  and  strikmg  money  in  the  temple  of  Juno  Moneta ;  of  making  tlie  uodu 
kins  and  pins  for  the  head  dresses  of  Greek  and  Roman  ladies ;  while  at 
the  religious  festivals,  we  should  behold  other  forms  of  this  implement 
m  use,  to  knock  down  victims  for  sacrifice  by  the  altars. 

Finally,  a  perfect  history  of  the  hammer,  would  not  only  have  made  us 
acquainted  with  the  origin  and  progress  of  the  useful  arts,  among  the  pri 
meval  inhabitants  of  this  hemisphere ;  but  would  have  solved  the  greai 
problems  respecting  their  connection  with,  and  migration  from  the  eastern 
world. 

But  although  we  justly  deplore  the  want  of  information  relating  to  the  arts 
in  general  of  the  remote  ancients ;  it  is  probable  that  few  of  their  devices  for 
raising  water  have  been  whollv  lost  If  there  was  one  art  of  more  importance 
than  another  to  the  early  inhabitants  of  Central  Asia  and  the  valley  of  the 
Nile,  it  was  that  of  raising  water  for  agricultural  purposes.  Not  merely  their 
general  welfare,  but  their  very  existence  depended  upon  the  attificial  irrig^a* 
don  of  the  land ;  hence  their  ingenuity  was  early  directed  to  tlie  construction 
ofmoMnes  for  this  purpose ;  and  they  were  stimulated  in  devising  them,  by 
the  most  powerful  of  all  inducements.  That  machines  must  have  been  mdit' 
pctuMe  m  past,  as  in  present  times,  is  evident  from  the  climates  and  phy- 
sical constitution  of  those  countries.  Their  importance  therefore,  and  uni- 
versal use,  have  been  the  means  of  their  preservation.  Nor  is  it  probable 
that  any  of  them  were  ever  lost  in  the  numerous  political  convulsions  of 
old.  These  seldom  affected  the  pursuits  of  agriculture,  and  never  changed 
the  long  established  modes  of  cultivation ;  besides,  hydraulic  apparatus 
irom  their  utility,  were  as  necessary  to  the  conquerors  as  the  conquered.* 

Perhaps  in  no  department  of  the  useful  arts,  has  less  change  taken  place 
than  in  Asiatic  and  Egyptian  agriculture.  It  is  the  same  now,  that  it  was 
thousands  of  years  ago.  The  implements  of  husbandry,  modes  of  irriga- 
tion, and  devices  for  raising  water  are  similar  to  those  in  use,  when  Ninus 
and  Nebuchadnezzar,  Sesostris,  Solomon,  and  Cyrus  flourished.  And  it 
would  appear  that  the  same  wsifomuty  in  these  machines  prevailed  over  all 
the  east,  in  ancient  as  in  modem  times :  a  fact  accounted  for,  by  the  great 
and  constant  intercourse  between  continental  and  neighboring  nations;  the 
practice  of  warriors,  of  transporting  the  inhabitants  and  especially  the  me- 
chanics and  works  of  art,  into  other  lands ;  ^^  ^^  from  the  great  impor- 
tance and  universal  use  of  artificial  irrig^rio0* 

•Battles  wero  sometiines  fought  in  one  Q«i)  |.s|s  laberen were  cultivating  aamo- 
letted  the  land  of  an  adjoining  one.  ^  ^^ 
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Svery  part  of  tlie  eastern  world  has  often  had  its  inhabitants  torn  from 
it  by  war,  and  their  places  occupied  by  others.  This  practice  oi  conque 
rors  was  sometimes  modified,  as  respected  the  peasantry  of  a  subdued 
country,  but  it  appears  that  from  very  remote  ages,  mechamct  were  inva* 
riably  carried  ofi.  The  Phenicians,  in  a  -w^r  with  the  Jews,  deprived  them 
of  every  man  who  could  forge  iron.*  "  There  was  no  smith  fi>und  through- 
out all  the  land  of  Israel;  for  the  Philistines  said,  lest  the  Hebrews  make 
swords  and  spears."  Shalm anezkr,  when  he  took  Samaria,  carried  the 
people  "away  out  of  their  own  land  to  Assyiia,  and  the  king  of  Assyria, 
tnrought  men  from  Babylon,  and  from  CuthBLh,  and  from  Ava,  and  from 
Hamath,  and  from  Sepharvaim,  instead  of  the  children  of  Israel;  and  they 
possessed  Samaria,  and  dwelt  itx  the  cities  thereof.*'^  When  Nebuchad- 
nezzar took  Jerusalem,  he  carried  off,  with  the  treasure  of  the  temple,  "  all 
the  craftsmen  and  smiths.'*  'Jeremiah  says  he  carried  away  the  "  carpen* 
ters  and  smiths,  and  brought  them  to  Babylon.''  Dtodorus  says,  the '  pa- 
laces  of  Persepolis  and  Susa  were  built  by  mechanics  that  Cambyses  car* 
ried  from  Egypt.*  Ancient  history  is*  full  of  similar  examples.  Alexan* 
der  practised  it  to  a  great  extent  After  his  death,  there  was  found  among 
his  tablets,  a  resolution  to  build  several  cities,  some  in  Europe  and  some  in 
Asia;  and  his  design  was  to  people  those  in  Asia  with  Europeans,  and 
those  in  Europe  with  Asiatics."  in  this  manner  some  of  the  most  useful 
arts,  necessarily  became  common  to  all  the  nations  of  old;  and  their  per- 
petuity in  some  degrree  secured,  especially  such  as  related  to  the  tillage 
and  irrigation  of  the  soiL 

We  are  inclined  to  believe  that  the  hydraulic  machines  of  the  Assy- 
rians, Babylonians,  Persians  and  Egyptians,  have  all,  or  nearly  all,  come 
down  to  us.  Itlost  of  them  have  been  continued  in  uninterrupted  use  in 
those  countries  to  the  present  times ;  while  odiers  have  reached  us  through 
the  Greeks  and  Romans,  Saracens  and  Moors;  or,  have  been  obtained 
in  modem  days  from  China  and  Hinouoisn. 

It  is  remarkable  that  almost  all  machines  for  louamg  water,  '^nGfinated 
with  the  Mer  nations  of  the  world ;  neither  the  Greeks,  (if  the  screw  of 
Conon  be  excepted,  and  even  it  was  invented  in  Egypt,)  nor  the  Romans 
added  a  single  one  to  the  ancient  stock ;  nor  is  this  suqirising;  for  with 
few  exceptions,  those  in  use  at  the  present  day,  are  either  ider.tieal  with 
or  but  modifications  of  those  of  the  ancients. 

It  is  alleged  that  Archytas  of  Tarentum,  400,  B.  C.  invented  **hydrau 
lie  machines**  but  no  account  of  them  has  reached  our  times,  nor  do  we 
know  that  tliey  were  designed  to  raiu  water.  They  consisted  probably 
m  the  application  of  the  windlass  or  crane,  (the  latter  it  is  said  he  invent 
ed)  to  move  machines  for  this  purpose.  Had  any  important  or  useful  ma 
chine  for  raising  water,  been  devised  by  him,  it  would  have  been  continued 
m  use ;  and  would  certainly  have  been  noticed  by  Vitruvius,  who  was  ac- 
quainted with  his  inventions,  and  who  mentions  him  several  times  m  his 
work.    I  b.  chap.  1.,  and  9  b.  chap.  3.* 

We  have  arranged  the  machines  described  in  this  work  in  five  classes; 
to  each  of  which,  a  separate  book  is  devoted.  A  few  chapters  of  the 
first  book,  are  occupied  with  remarks  on  water;  on  the  origin  of  tbs- 


M  Sam.  ehap.  ziii«  19, 22.    ^  King*  ehap.  xvn.  23,  24.    «Gogaet,  Tom.  iii,  13. 

'Diodoms  Siciiliu,  quoted  by  Robertson.  India  psf^e  191.  See  Wilkinson's  Ancient 
Egyptians,  1  vol.  206. 

*Arehytas  made  an  automaton  oigeon  of  wood  which  would  fly.  It  was  this  probably, 
which  gave  the  idea  to  the  moaem  mechanician  of  Nurombur^h,  who  construcied  an 
eagle,  which  fleyv  towards  Charles  V.  on  his  entrance  into  that  city 
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0EL8  for  oontammg  it;  on  wslla  and  fountains,  and  eostomi  oonnected 

with  them,  &;c 

Some  persons  are  apt  to  suppose  the  term  htdraulic  mackmeSf  compri 
ses  erery  device  for  raising  water;  but  such  is  not  the  fact.  Apparatus 
propeUea  by  it,  as  tide  mills,  Ace.  are  hydraulic  machines;  these  do  not 
raise  the  liquid  at  aJ);  while  on  the  contrary,  all  those  for  elevating  ft, 
which  are  comprised  'u*.  the  second  class,  are  pneumatic  or  hydro-pneumatic 
machines,  their  action  depending  on  the  pressure  and  elasticity  of  the  at- 
mosphere. 

The  first  Class  includes  those,  by  which  the  liquid  is  elevated  in  movable 
vessels,  by  mechanical  force  applied  to  the  latter. 

Water  raised  in  a  bucket,  suspended  to  a  cord,  and  elevated  by  the  hand, 
or  by  a  windlass ;  the  conmion  pole  and  bucket,  used  daily  in  our  rain  wa- 
ter cisterns;  the  sweep  or  lever  so  comnM)n  among  our  farmers,  are  exam- 
ples of  this  class;  so  are  the  various  wheels,  as  the  tympanum,  noria, 
chain  of  pots ;  and  also  the  chain  pump,  and  its  modifications.  This  Class 
embraces  all  the  principal  machines  used  in  the  ancient  world;  and  the 
greater  part  of  modem  hydraulic  machineiy  is  derived  from  it. 

The  second  Class  comprises  such  as  raise  water  through  tubes,  by  means 
of  the  elasticity  and  pressure,  or  weight  of  the  atmosphere;  as  sucking 
pumps,  so  named;  siphons,  syringes,  &e. 

The  aplication  of  these  machines,  unlike  those  of  the  first  class  is  limi- 
ted, because  the  atmosphere  is  only  sufficient  to  support  a  colunm  of  waiter 
of  fi-om  thirty  to  thirty  five  feet  in  perpendicular  rieight;  and  in  elevated 
countries,  (as  Mexico)  much  less.  Numerous  modifications  of  these  ma- 
chines have  been  made  in  modem  times,  but  the  pump  itself  is  of  ancient 
ongin. 

Those  which  act  by  compression  are  described  in  the  third  Class.  The 
liquid  being  first  admitted  into  a  close  vessel,  is  then  forcibly  expelled 
through  an  aperture  made  for  the  purpose. '  In  some  machines  this  is  effect* 
ed  by  a  solid  body  ir^oinging  on  the  surface  of  the  liquid;  as  the  piston 
of  a  pump :  in  others,  the  weight  of  a  column  of  water,  is'  used  to  accom- 
plish the  same  purpose. 

Syringes,  fire  engines,  pumps  which  are  constructed  on  the  same  princi- 
ple as  the  common  bellows,  are  examples  of  the  former;  and  the  wnous 
machine  at  Chemnitz  in  Hungary,  Heron'sfountain,  pressure  engines,  of 
the  latter.  Nor  can  the  original  invention  of  these  be  claimed  by  the  mod- 
ems. Like  the  preceding,  they  were  first  developed  by  the  energy  of  an- 
ient intellects. 

Fourth  Class.  There  is  however  another  class,  which  embraces  several 
machines,  whicn  are  supposed  to  be  exclusively  of  modem  orije^i ; 
an<l  some  of  them  are  by  far  the  most  interesting  and  philosophical  of  all. 
Such  as  the  Bailor  hydraulique,  or  ram  of  Montgolfier ;  the  centrifugal 
pump;  the  fire  engine,  so  named  because  it  raised  water  "by  the  help  of 
fire;"  that  is,  the  original  «team  engine,  or  machine  of  Worcester,  More- 
land,  Savaty  and  Papin. 

In  the  fifth  Class,  we  have  noticed  such  moJsr:.  J  ^  vices,  as  are  either 
practically  useful,  or  interesting  from  their  novelty,  or  the  principles  upon 
which  they  act.  An  account  of  siphons  is  comprised  in  mis  class.  Re- 
marks on  natural  modes  of  raisin?  water.  Observadons  on  cocks,  pipeSj 
valves,  &c;  and  some  general  renectio(|;}  sX6  added. 
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W4TC»-4ti  iaqKNtttDoe  Ib  Um  eeoooBy  of  aalare  For—  put  of  all  attbttaiicoo— Food  of  all  aaL 
nab  ■  Great  |  hymeal  ehaafu  effectod  by  iW-Eaiiiest  ■oHrea  of  inanimate  motive  power— Ila  distriba- 
ii|Mi  over  the  f  arth  not  unifonrw-Safferinfa  of  tlie  orientaU  Prom  want  of  water— A  knowledge  of  thi« 
■eceaaary  to  nnderstand  their  writers— >PoUtical  infenuity  of  Mahomet^— Water  a  prominent  feature  la 
dn  paradiee  of  the  Asiatica— Camels  often  slain  by  traTeUers,  to  obtain  water  fh>m  their  stomaehe— 
Cast  of  a  draught  of  soeh  water—Hydraulic  machine  referred  to  in  Ecclostastee— The  usoflil  arts  orifl- 
■atod  in  Asiar—Prioiitiire  modes  of  procitfing  water— Using  the  head  as  a  cup— Traditions  respectlaf 
Aiam    Baythlaa  tnditloa— PaUadlam— Obeenrarions  aa  th^  7;uBitiire  suta  of  ama  aad   the  origio  of 

Water  is,  in  many  respects,  the  most  important  substance  known  to  man : 
it  is  more  extensively  dimised  throughout  nature  than  almost  any  other.  It 
covers  the  greater  pait  of  the  earth's  surface,  and  is  found  to  pervade  its 
interior  wherever  excavations  are  made.  It  enters  into  every  or  nearly 
eveiy  combination  of  matter,  and  was  supposed  by  some  ancient  philoso- 
phers, to  be  the  ongin  of  all  matter;  the  primordial  element;  of  which 
every  object  in  nature  was  fonned.  The  mmeral  kingdom,  with  its  varie- 
gated substances  and  chrystalizations ;  the  infinitely  diversified  and  enchan- 
ting productions  of  the  vegetable  world;  ejid  e^'ery  living  being  in  anima- 
ted nature,  were  supposed  wO  be  so  many  modifications  of  this  aqueous  fluid. 
According  to  Vftruvius,  the  3)gyptian  priests  taught,  that  "  all  things  con 
sist  of  water;"*  and  Egypt  was  doubtless  the  source  whence  Thales  and 
others  derived  the  doctrine.  Pliny,  says  **  this  one  element  seemeth  to 
rule  and  command  all  the  rest."**     And  it  was  remarked  by  Pindar— 

"Of  all  things,  water  is  the  best.*' 

Modem  science  has  shown  that  it  is  not  a  simple  substance,  but  is  com 
posed  of  at  least  two  others ;  neither  of  which,  it  is  possible,  is  elementary, 

WaCer  not  only  forms  part  of  the  bodies  of  all  animals,^  but  it  constitutes 
the  greatest  portion  of  their  food.  Every  comfort  of  civilized  or  savage  life 
depends  more  or  less  upon  it;  and  life  it&elf  cannot  be  sustained  without  it. 
If  there  w^ere  no  rains  or  fertilizing  dews,  vegetation  would  cease,  and  every 
animated  being  would  perish.  Even  terrestrial  animals  mny  be  considered  as 
existing  in  water,  for  the  atmosphere  in  which  we  live  and  move,  is  an  im- 
mense aerial  reservoir  of  it,  and  one  more  capacious  than  all  the  seas  on 
the  face  of  the  earth. 

Water  is  also  the  prominent  agent,  by  which  those  great  physical  and 
chemical  changes  are  effected,  which  the  earth  is  continually  under^'oing; 
and  the  stupend.  is  effects  produced  by  it,  through  the  long  series. of  past 
ages,  have  given  rise,  in  modem  times,  to  some  of  the  most  interesting 
departments  of  physical  science. 

The  mechanical  effects  produced  by  it,  render  it  of  the  highest  impor- 
tance in  the  arts.  It  was  the  earliest  source  of  inanimate  motive  power; 
•nd  has  contnbuted  more  than  all  other  agents  to  the  amelioration  of  man's 
condition.  By  its  inertia  in  a  running  stream,  and  by  its  gi-avity  in  a  falling 
one,  it  has  superseded  much  human  toil;  and  has  administered  to  our 
wants,  oar  pleasures  and  our  profits;  and  by  its  expansion  into  the  aeriform 


•  Proem  to  b.  viii.    ^  Nat.  Hiat  xxxi,  1, 

•A  human  corpse  which  weighed  an  hundred  and  aiity  ponnda*   when  the  moistora 

—  evaporated,  weiglied  but  twelve. 
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state,  it  appears  to  be  destined,  (through  the  steam  engine)  to  accomplish 
the  greatest  moral  and  physical  changes,  which  the  intellectual  inhabitants 
of  this  planet  have  ever  experienced,  since  our  species  became  its  denixens. 

The  distribution  of  water  is  not  uniform  over  the  earth*s  sui'face,  nor  yet 
under  its  crusL  While  in  some  countries,  natural  fountains,  capacious  rivers, 
and  frequent  luins,  present  abundant  sources  for  all  the  purpO!«es  of  human 
life  ;  in  others,  it  is  extremely  scarce,  and  procured  only  widi  difficulty,  and 
constant  labor.  This  has  ever  been  the  case  in  vai'ious  parts  of  Asia»  and 
also  in  Egypt  and  other  parts  of  Africa,  where  rain  seldom  falls.  It  is 
only  from  a  knowledge  of  this  fact  and  of  the  temperature  and  debilitating 
influences  of  eastern  climates,  that  we  are  enabled  to  appreciate  the  pecu- 
liar force  and  beauty  of  numerous  allusions  to  water,  which  pervade  all 
the  writings  of  eastern  authors,  both  sacred  and  profane.  Nor  without 
this  knowledge  could  we  understand  many  of  the  peculiar  customs  of  the 
people  of  the  east. 

Mahomet  well  knew  that  his  followers,  living  under  the  scorching 
rays  of  the  sun,  their  flesh  shrivelled  with  the  desiccating  influences  of 
the  air,  and  '*  dried  up  vnih  thirst,"  could  only  be  moved  to  embrace  his 
doctrines  by  such  promises  as  he  made  them,  of  "  springs  of  livin£^  waters," 
**  security  in  shades/'  "  amidst  gardens"  and  "  fountains  pounng  forth  plen- 
ty of  water."'  I  Tor  could  his  ingenuity  have  devised  a  more  appropriate 
punishment,  than  that  with  which  he  threatened  unbelieving  Arabs  in  helL 
They  were  to  have  no  mitigation  of  their  torments;  no  cessation  of  them, 
except  at  certain  intervals,,  when  they  were  to  take  copious  di-aughts  of 
**JUthy  and  boding  water."''  It  was  universally  believed  by  the  ancients, 
that  the  manes  of  their  deceased  friends  experienced  a  suspension  of 
punishment  in  the  infernal  regions,  while  partaking  of  the  provisions  which 
their  relatives  placed  on  their  g^ves.  The  Arabian  legislator  improved 
upon  the  tradition. 

The  orientals  have  always  considered  water,  either  figuratively  or  lite* 
rally,  as  one  of  the  principal  enjoyments  of  a  future  state.  Grardens, 
shades,  and  fountains,  are  the  prominent  objects  in  their  paradise.  In  the 
Revelations  we  are  told  *'  the  Lamb  shall  lead  them,  (the  righteous,)  un- 
to living  fountains  of  waters."  Chap,  vii,  17.—**  A  pure  river  of  water  of 
life."  Chap,  xxii,  1.  The  book  which  contains  an  account  of  tlie  religion 
and  philosophy  of  the  Hindoos,  is  named  aniiertkend,  signifying,  *'  the 
cistern  of  the  waters  of  life."* 

Inhabitants  of  temperate  climates,  seldom  or  never  experience  that  ex- 
cruciating thirst  implied  in  such  expressions  as  "  the  soul  panting  for  wa- 
ter;" nor  that  extremity  of  despair  when,  under  such  suffenng,  the  exhaus- 
ted traveller  arrives  at  a  place  "  where  no  water  is."  Under  these  '•ir 
cum? lances,  the  orientals  have  often  been  compelled  to  slay  their  camels, 
for  the  sake  of  the  water  they  might  find  in  their  stomachs ;  and  a  sura 
exceeding  fivQ  hundred  dollars,  has  been  given  for  a  single  draught  of  it 

It  is  necessary  to  experience  something  like  this,  in  order  fully  to  com- 
prehend the  importance  of  the  Savior's  precept,  respecting  the  giving  **  a 
cup  of  cold  water,"  and  to  know  the  reaJ  vahie  of  .-^uch  a  gift.  We  should 
then  see  that  sources  of  this  liquid  are  to  the  orientals,  literally  **fountain$ 
of  life!^  and  *  vsdU  of  iohcUion**  And  when  we  become  acquainted  with 
their  methods  of  raui^g  water,  we  shall  perceive  how  singularly  ap|>osite 
are  those  illustrations,  which  the  author  of  Ecclesiastes  has  drawn  from  **  the 
pitcher  broken  at  thR5  fountain;"  and  fcca^  "  ^^  wheel  broken  at  the  cis« 
tern."  Chap,  xii,  6. 


•SALi's  Koran,  chdpi  65,7o,83.  »Kori|r'''p^.  14.22. 37.  « Million  of  Facte,  p.  253. 
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In  attempdng  to  discover  the  origin,  and  to  trace  the  progress  of  the  art 
of  raising  water,  we  must  have  recourse  to  Asia,  the  birthplace  of  the  arts 
and  sciences;  from  whence,  as  from  a  centre,  they  have  become  extended 
to  the  circumference  of  the  earth.  It  was  there  the  original  femiUes  of 
our  race  dwelt,  and  the  inventive  faculties  of  man  were  first  developed.  It 
was  from  the  ancient  inhabitants  of  that  conttpent  that  much  of  the  know- 
ledge, nearlj  all  the  arts,  and  not  a  few  of  the  machines  which  we  possess 
at  this  day,  were  derived. 

That  man  at  the  first  imitated  the  lower  animals  in  quenching  his  thirst  at 
the  running  stream,  there  can  be  no  doubt.  It  was  natural,  and  because  it 
was  so,  his  descendants  have  always  been  found,  when  under  similar  cir- 
cumstances, to  follow  hia  example.  The  inhabitants  of  New  Holland,  and 
other  savages  quench  their  thirst  in  this  manner,  (i.  e.  by  laying  down.) 
The  Indians  of  California  were  observed  by  Shelvock  in  1719,  to  pursue 
the  same  method.     "  When  they  want  to  dnnk  they  go  to  the  river."* 

The  heathen  deities,  who  in  general  were  distinguished  men  and  wo* 
men,  that  were  idolized -after  death,  are  represented  as  practising  this  and 
similar  primeval  customs.  Thus  Ovid  describes  Latona  on  a  journey,  and 
languishing  with  thirst,  she  arrives  at  a  brook, 

And  hudmg  on  the  brink 

Stooped  at  the  fieek  rtfootf  prepared  to  drink. 

But  WM  hindered  by  the  nbbte  race.    M^tmm,  vi«  500. 

When  circ^mistaiices  rendered  it  difficult  to  reach  the  liquid  with  the 
mouth,  then  "  the  hoUow  of  ike  hand  "  was  used  to  transfer  it. 

Gideon's  soldiers  pursued  both  modes  in  allaying  their  thirst;^  and  it 
was  the  practice  of  the  lasif  which  Diogenes  witnessed  in  a  boy  at  Athens, 
which  induced  that  philosopher  to  throw  away  his  jug,  as  an  implement  no  ■ 
longer  necessary. 

Virgil  represents  EneoM  practising  it:  * 

Then  water  in  hie  hollow  palm  he  took 
From  Tyber's  flood.    En,  viii,  96.  Drpdom. 

And  T^irmu,  in  the  absence  of  a  suitable  vessel,  made  libations  in  the 
same  way.     The  practice  was  common. 

As  by  the  brook  he  stood, 

He  scooped  the  water  from  the  chryital  flood ; 
Then  with  his  hands  the  drops  to  heaven  he  throws, 
And  loads  the  powers  above  with  offered  vows. 

'*  At  sunrise,  the  Bramins  take  water  out  of  a  tank  with  the  hollow  of  their 
hands,  which  t)iey  throw  sometimes  behind  and  sometimes  before  them,  in- 
voking Brama."* 

Herodotus,  describing  the  Nasamones,  an  ancient  people  of  northern 
Africa,  observes,  "  when  they  pledge  their  word,  they  drink  alternately 
from  each  other's  hands  ;'*  (b.  iv,  172.)  a  custom  still  retained  among  theu* 
descendanta.  It  is,  according  to  Dr.  Shaw,  "  the  only  ceremony  that  ia 
used  by  the  Algerines  in  their  marriages."  (Travels,  p.  303.) 

A  Hindoo,  says  Mr.  Ward,  ''  drinks  out  of  a  brass  cup  or  takes  up  li* 
quids  in  the  balls  of  his  hands."  (View  of  the  Hindoos,  p.  130.)  This  mode 
of  drinking  may  appear  to  us  constriuned  and  awkward ;  but  in  warm  cli- 
mates, the  flexibility  of  the  human  body»  and  custom,  make  the  performance 
of  it  easy  and  not  ungraceful. 

"  I  drank  repeatedly  as  I  walked  along,  wherever  the  pebbles  at  the 
bottom  .gleamed  clearest— just  deep  enough  to  use  one**  hand  as  a  cup.* 

•  Voyages  roand  the  World,  ii,  331.  Lon.  1774     ^  Judges,  vii,  6,  fl. 

«  Sonnerat,  Voyage  to  the  East  Indlee  and  China,    i.  Itil.  Calcutta,  1789. 
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(Lord  Lindsay's  Travels,  letter  7,  Arabia.)  Another  English  traveller  no- 
ticed women  in  India  use  "  their  hands  as  ladles  to  fill  their  pitchers." 

Some  writers  suppose  that  Adam,  at  the  beginning  of  his  existence,  was 
not  subject  to  such  inconvenient  modes  of  supplying  his  natural  wants. 
They  will  have  it,  that  he  possessed  the  knowledge  of  a  philosopher,  and 
was  equally  expert  as  a  modern  mechanic,  in  applying  it  to  the  practical 
purposes  of  life.  It  need  scarcely  be  remarked,  that  diis  is  imaginary  :  we 
might  as  well  credit  the  visionary  tales  of  the  rabbis,  or  digest  the  equally 
aumentic  accounts  of  Mahomedan  writers.  According  to  these,  Adam  must 
have  been  a  hlacktmith,  for  he  brought  down  /ram  paradue  with  him,  five 
things  made  of  tron;  an  ont^t/,  a  pair  of  tongs,  two  hammers,  a  large  and  a 
small  one,  and  a  needle!  Analogous  to  this  is  the  affirmation  of  the  Scyth- 
ians, mentioned  by  Herodotus,*  that  there  fell  from  heaven  into  the  Scythian 
district,  four  things  made  of  gold;  a  pUmgh,  a  yoke,  an  axe,  and  9, goblet. 
The  palladiimi  of  Troy,  it  was  said,  also,  fell  down  from  heaven.  It  was 
a  small  statue  of  Pallas,  holding  a  distaff  and  spindle,^ 

We  believe  there  is  no  authonty  in  the  bible,  either  for  the  superiority 
of  Adam's  knowledge,  or  of  the  circumstances  in  which  he  was  placed : 
on  the  contrary,  Moses  represents  him  and  his  immediate  descendants,  in 
that  rude  state,  in  which  all  the  original  and  distinct  tribes  of  men  have  been 
found  at  i>iie  time  or  another;  living  on  the  spontaneous  productions  of  the 
earth,  on  fruits  apd  roots;  ignorant  of  the  existence  and  use  of  the  metals,  (and 
there  could  be  no  civilization  where  these  were  unknown;)  naked  and  in- 
sensible of  the  advantages  of  clothing:  in  process  of  time,  using  a  slight  co- 
vering of  leaves,  or  other  vegetable  productions,  and  subsequently  applying 
the  skins  of  animals  to  the  same  purpose ;  then  constructing  huU  oi  dwellings 
of  the  leaves  and  branches  of  trees;  attaining  the  knowledge  of,  and  use  of 
fire  ;  and  making  slight  attempts  to  cultivate  the  earth;  for  slight  indeed  they 
must  have  been,  in  the  infancy  of  the  human  race,  before  ajimal  power 
was  applied  to  agricultural  labor,  or  the  implements  of  husbandry  were 
known.  Of  these  last,  rude  implements  formed  of  sticks,  might  have  been, 
and  probably  were  used,  as  they  have  been  by  rude  people  in  all  ages. 
Virgil's  description  of  the  aborigines  of  Italy,  previous  to  the  reign  of 
Saturn,  is  merely  a  poetic  version  of  traditions  of  man  in  primeval  times: 

Nor  laws  they  knew,  nor  manners,  nor  the  care 
Of  lab'ring  oxen,  nor  the  shining  share,  (the  plough. ) 
Nor  arts  of  gain,  nor  what  they  gained  to  spare. 
Their  exercise  the  chase  :  the  nurning  flood 
SmfpUed  their  thirst :  the  trees  »upulied  their  food. 
Then  Saturn  came.    En.  viii,  420. 

Vitruvius  says, "  In  ancient  times,  men,  like  wild  beasts,  lived  in  forests, 
caves,  and  groves,  feeding  on  wild  food ;  and  that  they  acquired  the  art  of 
producing  fire,  from  observing  it  evolved  from  the  branches  of  trees,  when 
violently  rubbed  against  each  other,  during  tempestuous  winds."* 

Similar  traditions  of  their  ancestors  were  preserved  by  el\  the  ancient 
nations,  and  some  of  their  religious  ceremonies  were  based  upon  them. 
Thus  at  the  Plynteria,  a  festival  of  the  Greeks  in  honor  of  Minerva,  it  was 
customary  to  carry  in  the  procession  a  cluster  o£  figs,  which  intimated  the 
progress  of  civilization  among  the  first  inhabitants  of  the  earth,  as  fig^s  served 
them  for  food,  after  they  had  acquired  ^  disrel'sh  for  acorns.  The  Arca- 
dians eat  apples  till  the  Lacedemonians  W3J*^6d  with  them.^ 

The  oak  was  revered  because  it  gft»  rd^e^  ™^^  ^  ^®  ^^  a^^  ^^  ^<^ 
and  drink«  by  its  acorns  and  honey    ?ue^  frequently  making  their  hives 

•  ir,  5.     ^  The<e  and  similar  tradition^"^"X^'^^'^?®**P^*»  indicate  the  estreme  amtiqmi§ 
of  the  implements  named.  The  ancients  ^^  hlf*^  iggirant  of  their  origin  as  we  are. 
« ii.  1.    '  Fltttarch  in  Aleihiades  and  Q^^k  /^.^s* 


■<^ 
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upon  It,)  and  frum  this  circumstance  probably,  was  it  made ''  sacred  to  Jupi- 
ter."    The  elder  Pliny,  in  the  proem  to  his  16th  book,  speaks  of  trees 
which  bear  mast,  which  says  he,  ''  ministered  the  /Irst  food  unto  our  fore 
fathers."     Thus  Ovid  in  his  description  of^  the  golden  age : — - 

The  teeming  earth,  ^et  guiltless  of  the  plough, 

And  unprovoked,  did  fruitful  stores  allow  : 

Conlent  with  food  which  nature  freely  bred. 

On  wildingd  nod  on  ptrvwb^rries  they  fed ; 

Cornell  and  bramble  berries  gave  tao  rest, 

And  falling  acorns  fnrnuhed  out  the  feast.     M<tUfm.  ii,  135. 

In  the  ancient  histories  of  the  Chinese,  it  is  recorded  of  their  remote  an 
cestors,  that  they  were  entirely  naked  and  lived  in  caves ;  their  food  vrild 
herbs  and  fruits,  and  the  raw  flesh  of  animals ;  until  the  art  of  obtaining 
fire  by  the  rubbing  of  two  sticks  together  was  discovered,  and  husbandry 
introauced. 

There  are  persons  however,  who  suppose  it  dishonoring  the  Creator,  tc 
imagine  that  Adam,  the  immediate  work  of  his  hands,  and  tlie  intcllectuaJ 
and  moral  head  of  the  human  family,  should  at  any  period  of  his  existence 
have  been  destitute  of  many  of  those  resources  which  the  Indians  of  oui 
continent,  and  other  savages  possess ;  although  it  is  evident,  that  some 
time  must  have  elapsed  before  he  could  realize,  (if  he  ever  did,)  all  the 
conveniences  which  even  they  enjoy. 

There  is  nothing  unreasonable  or  unscriptural  in  suppb^g  that  all  the 
primitive  arts  origmated  in  man's  immediate  wants.    Indeed,  they  could 
not  have  been  introduced  in  any  other  way,  for  it  is  preposterous  to  sup 
pose  the  Creator  would  directly  reveal  an  art  to  man,  the  utility  of  which 
he  could  not  perceive,  and  the  exercise  of  which  his  wants  did  not  require 

Nor  could  any  art  have  been  preserved  in  the  early  ages,  except  it  fur- 
nished conveniences  which  could  not  otherwise  be  proctired.  -On  no 
other  consideration  could  the  early  inhabitants  of  the  world  have  been  in 
duced  to  practice  it.  But  when  success  attended  the  exercise  of  their  in- 
genuity in  devising  means  to  supply  their  natural  and  artificial  wants,  the 
simple  arts  would  be  gradually  introduced,  and  their  progress  and  p6rpo- 
tuiw  secured  by  practice  and  by  that  alone. 

This  appears  to  have  been  the  opinion  of  the  ancients: 

Jove  willed  that  man,  by  lomg  aperieaee  taught, 

Should  various  arts  invent  by  gmdual  tkought.    Ckor,  i,  150 
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CHAPTER      III. 

Ou«iN  Of  TsMBut  toe  contaiainp  wai«r->The  CalabMh  the  ftrat  oBe-4t  -hto  whmfu  beea 
Found  bj^putaiobus  in  thi.  cabin*  of  Americaut—Inhabitanto  of  New  Zenlnad,  Jnvak,  Sumatra,  aad  of 
the  Paciflc  Uland«  employ  it—Principal  voi^l  of  the  AlHeans— Curious  remarit  of  FHay  reapeetinf  it 
—Common  amonf  tlie  ancient  Mexieani,  Komana  and  Ef  yptiaaa— Offwed  by  the  latter  p««»pte  on  their 
tltara— The  model  after  which  v«s«ela  of  capacity  were  originally  formed— iu  flfure  atill  preaenred  in 
MTernI— Ancient  Amerionn  veaseU  copied  from  it— Peruirian  bottlea—Gurf  ulet»>-The  form  of  the  Cain- 
baah  prevailed  in  the  vases  and  gobleto  of  the  ancients— Extract  from  Peraius'  Sadrea^-Ancieat  veisels 
fiir  heating  wnter  modeled  after  it— Pipkin — Sauce-pan — Anecdote  of  a  Ronma  Dictator — The  com 
mon  cast  iron  cauldron,  of  great  antiquity ;  similar  in  shape  to  those  used  in  Egypt,  la  the  time  of  R»* 
meses^  -Often  referred  to  in  the  Bible  and  in  the  Iliad — Grecian,  R4>man,  Celtic.  Chiaeee,  aod  Peruviaa 
eaaldions — Expertaess  of  Chinese  linkers — Crcssus  and  the  Delphic  oracle — Uniformity  in  tihe  Ogara 
of  cauldrons~«Caase  of  this— Superiority  of  their  form  over  straight  sided  boUera— Braaea  caaldroM 
highly  prised— >Wat8K  Port  of  the  Hiudoos— Womea  drawing  water— Anecdote  of  Darius  aad  a 
young  female  of  Sardis— Dexterity  of  orinttUd  woawa  la  balaacing  water  pou — Origia  of  the  Caaopua 
— Ingeaoity  aad  fraud  of  aa  Egyptian  priest—Ecclesiastical  deceptions  ia  the  middle  ngea. 

Water  being  equally  necessary  as  more  solid  food,  man  would  early  be 
impelled  by  his  appetite,  to  procure  it  in  larger  quantities  than  were  re- 
quired to  edlay  his  thirst  upon  a  single  occasion ;  and,  also  the  means  by 
which  he  might  convey  it  with  him,  in  his  wanderings,  and  to  his  family. 
It  is  not  improbable  that  this  was  the  first  of  man's  natural  wants  which 
required  the  exercise  of  his  inventive  faculties  to  supply.  The  luxuri* 
ance  of  the  ve^table  region,  in  which  all  anee  that  he  was  placed,  fur- 
niHtied  in  abundance  the  means  that  he  sought ;  and  which  his  natural  sa- 
gacity would  lead  him,  almost  instinctively,  to  adopt.  The  cAlLABASH  or 
BOLRD,  was  probably  the  first  vessel  used  by  man  for  collecting  and  con- 
taining water:  and  although  we  have  no  direct  proof  of  this,  there  is 
evidence,. (that  may  be  defamed  equally  conclusive.)  in  the  general  facu— 
that  man,  in  the  infancy  of  the  arts,  lihs  always,  ^Ivm  under  Jtimilar  or- 
cunutaTucis,  adopted  the  same  tne^tiUf  to  accomplish  me  ?f^me  objects.  Of 
this,  proofs  innumerable,  might  be  adduced  from  the  history  of  the  old 
world,  particularly  with  regard  to  the  uses  and  application  of  natural 
productions;  and  when  at  the  close  of  the  fifteenth  centuiy,  Columbus 
opened  the  way  to  a  new  world,  having  in  his  search  afler  one  continent  dis- 
covered another  (of  which  neither  he,  nor  his  contemporaries  ever  dreamt, 
and  which  in  extent  exceeded  all  that  his  visions  ever  portrayed;)  he  found 
the  CALABASH  the  principal  vessel  in  use  among  the  mhabitants,  both  for 
containing  and  transporting  water. 

The  calabashes  of  the  Indians,  (says  Washington  Irving,*)  served  all 
the  purposes  of  glass  and  earthenware,  supplying  them  with  all  sorts  of  do- 
mestic utensils.  They  are  produced  on  stately  trees,  of  the  size  of  elms.*  The 
New  Zealanders  possessed  no  other  vessel  for  holding  liquids ;  and  the 
same  remark  is  applicable  at  the  present  day  to  numerous  savage  tribes. 
Osbeck,  in  his  Voyage  to  China,  remarks,  that  the  Javanese  sold  to  Eu- 
ropean ships,  among  other  necessaries,  "  bottles  of  gourds  filled  with  wa« 
ter,  as  it  is  made  up  for  their  own  use."^ 

When  Kotzebue  was  at  Owhyhee,  Tamaahmaah  the  king,  although  he 


•  Irvio^f  Colttm.  i,  105^  and  Pem^  Mag-  ^^  1834,  p.  416     ^  i  150 
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possessed  elegant  European  table  utensils,  used  at  dinner,  a  gourd  contcdo'* 
ing  taro-dough,  into  which  he  dipped  his  fingers,  and  conveyed  it  by 
them  to  his  mouth,  observing  to  the  Russian  navigator,  "  this  is  the  cus- 
tom  in  my  country  and  I  will  not  depart  from  it."*  This  conduct  oi  Ta* 
maahmaah,  resembled  that  of  Motezuma.  Solis  observes,  that  he  had 
"  cups  of  gold  and  salvers  of  the  same,"  but  that  he  sometimes  drank  out 
of  cocoas  and  natural  shells.^ 

When  Kotzebue  revisited  the  Radack  Islands,  "he  carried  to  them 
seeds  of  gourds  for  valuable  vessels,"  as  well  as  others  of  which  the 
fruit  is  eaten.^  • 

••  There  is  a  gcJurd  more  esteemed  by  the"  inhabitants  of  Johanna  for 
the  large  shell,  than  for  the  meat.  It  will  hold  a  pailful.  Its  figure  is 
like  a  man's  head,  and  therefore  called  a  calabash."^ 

The  people  of  Sumatra  drink  out  of  the  fruit  called  lahu^  resembling 
the  calabash  of  the  West  Indies :  a  hole  being  made  in  the  side  of  the 
neck  and  another  one  at  the  top  for  vent.  In  drinking  they  generally 
hold  the  vessel  at  a  distance  above  their  mouths,  (like  the  ancient  Greeks 
and  Romans)  and  catch  the  stream  as  it  falls ;  the  liquid  descending  to  the 
stomach  witliout  the  action  of  swallowing.* 

The  Japanese  have  a  tradition  that  the  first  man  owed  his  being  to  a 
calabash.^ 

Capt.  Harris,  in  his  '*  Wild  sports  of  Southern  Africa"  (chap,  xvii.)  in 
describing  the  residence  of  the  king  of  Kapaue,  observes,  "  the  furniture 
consisted  exclusively  of  calabashes  of  beer,  ranged  round  the  wall."  And 
again  in  chap,  xx  :-— *'  a  few  melons,  rather  deserving  the  name  of  vegeta* 
bles,  were  the  only  fruit  we  met  with  ;  and  these  I  presume  are  nurtured 
chiefly  for  the  gourd,  which  becomes  their  calabash  or  water  flagon." 

Clavigero  says,  "  the  drinking  vessels  of  the  ancient  Mexicans,  were 
made  of  a  fruit  similar  to  gourds."' 

For  such  purposes,  the  calabash  has  ever  been  used  wherever  it  was 
known,  and  will  continue  to  be  so,  as  long  as  it  grows  and  man  lives. 

The  elder  Pliny,  in*  speaking  of  the  cultivation  of  gourds,  a  species  of 
which  were  used  as  food  by  the  Romans,  observes,  "  of  late  they  have 
been  used  in  baths  and  hot  houses  for  pots  and  pitchers ;"  but  he  adds, 
that  they  were  used  in  ancient  times  to  contain  wine,  "  in  place  of  rund- 
lets  and  barrels."  From  him  we  learn  that  the  ancients  had  discovered 
the  means  of  controlling  their  forms  at  pleasure.  He  says, /on^  gourds  are 
produced  from  seeds  taken  from  the  neck ;  while  those  from  the  middle 
produce  round  or  spherical  ones,  and  those  from  the  sides,  bring  forth  such 
as  are  short  and  thicks 

Amon?  the  offerings  which  the  Egyptians  placed  on  their  altars,  was 
the  gourd.  An  undeniable  proof  of  its  value  in  their  estimation;  for  no- 
thing was  ever  offered  by  the  ancients  to  their  gods,  which  was  not  highly 
esteemed  by  themselves.'  The  consecration  of  this  primeval  vessel,  in 
common  with  other  objects  of  ancient  sacrifice,  doubtless  originated  in  its 
universal  use  in  the  early  ages;  and  most  likely  gave  rise  to  the  subse- 
quent practice  of  dedicating  cups  and  goblets,  of  gold,  silver,  and  some 
times  of  precious  stones. 

As  the  gourd  or  calabash  was  not  only  the  first  vessel  used  to  collect 
and  convey  water,  but  one  apparently  designed  by  the  Creator  for  these 
purposes,  a  figure  of  it  is  here  given. 

•  Vo^rage  Diicov.  Lon.  18*21.  i,  313,  and  ii.  193.    ^  Conqnest  Mexico,  Lon.  17*24.  iii,  83 
'    « iii,  175.    *  A  New  Acc^ttnt  of  Ea«t  Hidia  and  Persia,  by  Dr.  Fryer.  Lon.  1C98.  17 
•Mardsn'*  SttmaL  61.    ^Montannft' Japan.  *27&.    f  HisLofMexico.  Lon.  1837.  i.  43a 
^NatHistxiz,5.    <  WilkinMn  i,  270. 
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i  This  interesting  production  of  nature  is  entitled  to  par- 

r\  ticular  notice,  because,  it  is,  in  all  probability,  tlie  original 

\  \  modd  of  the   earliest  artificial  vessels  of  capacity ;  the 

\    \^  pattern  from  which  they  were  formed.     It  is  impossible 

\    ^^^     to  glance  at  the  figure  without  recognizing  its  striking  re- 

I  ^V  semblance  to  our  jugs,  flasks^  jars,  demijohns,  &c.     In- 

I  I  deed  when  man  first  oegan  to  make  vessels  of  clay,  he 

y  J  had  no  other  pattern  to  guide  him  in  their  formation  but 

\^^^_^^^  this,  one  with  which  he  had  been  so  long  familiar,  and  the 

No^  figure  of  which  experience  had  taught  him  was  so  well 

adapted  to  his  wants.     Independent  of  other  advantages  of  this  form,  it 

if  the  best  to  impart  strength  to  fra^^e  materials. 

That  the  long  necked  vases  of  the  ancients  were  modeled  after  it,  it 
obvious.  Many  of  them  ditfer  nothing^  from  it  in  form,  except  in  the  ad- 
dition of  a  hiM^dle  and  base.  The  oldest  vessels  figured  in  the  Grandb 
Debcription  of  Egypt,  by  the  Savans  of  France,  and  in  Mr.  Wilkinson's 
late  work  on  the  ancient  Egyptians,  are  fac-similes  of  it.  The  same  remaric 
applies  to  those  of  ^he  Hindoos  and  Chinese. 


No.  %    Aadrat  Ti 

• 

The  first  three  on  the  left  are  of  earthenware  from  Thebes,  ftom 
Wilkinson's  second  volume,  p.  345,  354.  **  Golden  ewers"  of  a  similar 
form  were  used  by  the  rich  Egyptians  for  containing  water,  to  wash  the 
bands  and  feet  of  their  ^ests.  (page  202.)  The  next  is  Etruscan,  from 
the  **  History  of  the  ancient  people  of  Italy."  Florence  1832.  Plate  82. 
The  adjoining  one  is  a  Chinese  vase,  from  "  Desifi[ns  of  Chinese  Build* 
ings.  Furniture,"  &c.  Lon.  1757.  The  last  is  from  Egypt  Similar  shaped 
vessels  of  the  Greeks,  Romans,  and  other  people  migiit  easily  be  pro« 
duced.  See  Salt's  Voyage  to  Abyssinia,  page  408,  and  Grande  Descr^ 
Han,  E.  M.  Vol.  2.  Plates  I,  I,  and  F,  F.  In  the  Hamilton  Collection  of 
Vases,  examples  may  be  found.  In  the  splendid  volume  of  plates  to 
D' Agincourt's  Storia  Dell'  Arte,  the  figure  of  the  gourd  may  be  seen  to  * 
have  prevailed  in  artificial  vessels  in  the  fourth,  fifth,  ana  up  to  the 
twelfth  centuries. 

Numerous  vessels  from  the  tombs  of  the  Incas,  are  identical  in  figure 
with- the  calabash;  while  others,  retaining  its  general  feature,  have  the 
bellied  part  worked  into  resemblances  of  the  human  face.  As  several 
old  Peruvian  bottles  exhibit  a  peculiar  and  useful  feature,  we  have  inserted 
(figure  3,)  a  representation  of  one,  in  the  possession  of  J.  R.  Chilton,  M.  D. 
of  this  city.  An  opening  is  formed  in  the  inner  side  of  the  handle  which 
communicates  with  the  interior  of  the  vessel,  by  a  smaller  one  made 
through  the  side,  as  shown  in  the  section.  By  this  device  air  is  admit* 
ted,   and  a  person  can  either  drink  from,  or  pour  out  the  contents,  with- 
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put  experiencing  that  disagreeable  gargling 
which  accomparnes  the  emptying  of  a  modem 
bottle.  The  openings  are  so  arranged  as  to 
form  a  very  shrtU  whiatle — ^by  blowing  into  the 
mouth  of  the  vessel,  a  sound  is  produced, 
equal  to  that  from  a  boatswain's  call  on 
board  a  man  of  war. 

These  vessels  have  been  noticed  by  most 
travelers  in  South  America.     They  are  some- 
It  s.  PeruTfan  Botti  times  found  double — two  |;)eing  connected  at 

the  bottom  with  only  one  discharging  orifice. 
Some  are  of  silver.  FrezUr,  among  others,  gives  a  figure  of  one  resembling 
two  gourds  united.  It  *'  consists  of  two  bott^  is  joined  together,  each  about 
six  inches  high,  having  a  hole  (tube)  of  communication  at  the  bottom.  One 
of  them  is  open,  and  die  other  has  on  its  orifice  a  little  animal,  like  a  mon- 
key, eating  a  cod  of  some  sort ;  under  which  is  a  hole  which  makes  a  whist- 
ling when  water  is  poured  out  of  the  mouth  of  the  other  bottle,  or  when 
that  within  is  but  shaken ;  because  the  air  being  pressed  along  the  surface 
of  both  bottles,  is  forced  out  at  that  little  hole  in  a  v«x>lent  manner."* 

These  whistles  are  so  constructed,  as  to  play  either  when  the  air  is 
drawn  in  through  them,  or  forced  out  Perhaps  the  water  organs  of  the 
ancients,  were  originally  little  more  than  an  assemblage  of  similar  vessels. 
M.  Frezier  thought  the  smallest  of  these  bottles  were  designed  expressly 
to  produce  music ;  if  so,  they  are  (we  suppose)  the  only  water  instru 
ments  extanL^ 

The  large  earthen  vessels  used  by  the  water  carriers  of  Mexico,  strict- 
ly resemble  the  gourd.     Saturday  Mag.  vol.  vi,  128. 

The  "gurguletsV  of  the  Persians,  Hindoos,  and  Egyptians  of  the  present 
day,  are  rather  larger,  but  of  the  same  shape  as  the  Florence  fiask,  i.  e. 
of  the  gourd.  They  are  formed  "  of  a  porous  earth,  and  are  so  called, 
from  the  sound  made  when  water  is  poured  out  of  them  to  be  drunk,  as 


•A  Voyage  to  the  South  Sea,  &c.  in  1712,  '13,  '14.  Lon.  1717.  274. 

^  The  following  extract  from  a  late  newspaper  afibrda  additional  information  respect 
ing  these  vessels  in  remote  ages: 

^ "  The  Perutian  Pompm. — ^We  recently  gave  a  description  of  an  ancient  snbterranoan 
city,  destroyed  by  an  earthqnake,  or  some  other  sadden  convulsion  of  nature,  lately 
4iBcovered  near  the  port  of  Guarmey,  in  Tnixillo,  on  the  coast  of  Peru.  The  only  ac- 
count of  it  which  appears  to  have  as  yet  been  received  in  the  United  States,  was  brought 
by  Capt.  Ray  of  ISfantucket,  who  a  few  weeks  since  returned  from  the  South  Seas  in 
the  ship  Logan,  and  who,  having  visited  the  spot  whilst  Ae  inhabitants  of  Guarmey 
were  excavating  the  buried  streets  and  buildings,  obtained  several  interesting  relics  of 
Its  ancient  but  unknown  population.  The  Portland  Orion  describes  some  of  these,  of" 
•which  we  did  not  find  any  mention  in  the  Nantucket  Inquirer  from  whom  we  derived 
our  former  information,  and  they  are  of  a  character  which  may  possibly  afford  the  dili- 
gent antiquary  some  clue  to  the  age  and  origin  of  the  people  to  whom  they  belonged. 
They  are  two  grotesquely  shaped  enrtHen  vessels,  somewhat  rudely  yet  ingeuiously 
constructed,  of  a  species  of  clay,  colored  or  burnt  nearly  black.  One  of  these,  which 
is  capable  of  holding  about  a  pmt,  is  shaped  somewhat  like  a  auail,  with  a  spout,  two 
inches  long,  rising  from  the  centre  of  the  back,  from  which  also  a  handle  extends  to 
the  side. 

The  other  is  a  double  vessel,  connected  at  the  centre,  and  also  at  the  top,  by  a  handle 
reaching  from  the  spout  or  nozzle  of  one  vessel  to  the  upper  part  of  tlie  other — ^the  lat> 
ter  not  being  perforated  but  wrought  into  the  likeness  of  a  very  unprepossesRing  hu- 
man countenance.  At  the  back  of  what  may  be  considered  the  head  of  this  face,  is  a 
small  bole,  «o  contrived  that  on  blowing  into  the  mouth  of  the  vessel  a  shrill  note  ia 
produced,  similar  to  that  of  a  boatswain's  call.  From  the  activity  with  whidi  the  exca- 
vations were  proceeding  when  Capt  Ray  left  the  place,  it  may  be  hoped  that  discover- 
iee  will  be  made  which  will  greatly  add  to  the  antiquarian  history  of  tnia  continent." 
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the  IndiaiM  dci  without  toucbin^  it  mrith  their  lips."*  The  bottles  of.  the 
Negroes  of  Africa,  are  made  of  woven  g^rass  of  the  same  shape.  Earth- 
en gargulets  for  cooling  liquids  are  made  in  this  city. 

1  be  gourd  was  not  merely  imitated  by  primitive  potters  and  braziers, 
but  when  the  arts  were  at  their  zenith,  its  ngure  predominated  in  the  most 
elaborate  of  vases.  The  preceding  remarks  show,  that  thejbrms  of  many 
of  our  ordinary  vessels  of  capacity,  did  not  origmate  in  caprice  or  by 
chance,  but  are  derived  from  nature ;  that  the  pattern  which  man  has  co- 

Eied,  was  furnished  him  by  his  Maker;  and  that  with  all  his  ingenuity^ 
e  has  never  been  able  to  supersede  it.  Persius  in  his  third  Satire,  al- 
ludes to  the  transition  from  primitive  earthenware  and  brazen  vessels  to 
tiiose  which  luxury  had  introduced  in  his  days : 

Now  cold  hath  banished  Noma's  simple  vase. 

And  the  plain  brass  of  Satam's  frugal  days.— 

Now  do  we  see  to  precious  goblets  turn, 

The  Tuscan  pitcher,  and  the  vestal  am.    Drmmmomd,  lOS. 

VESSELS   FOR   HEATING   WATER. 

Although  not  strictly  connected  with  the  subject,  we  may  observe 
that  the  gourd  is  probably  the  ori^nal  vessel  for  heating  toater^  cookings 
^c.  In  these  and  other  applications,  the  neck  is  sometimes  used  as  a 
handle,  and  an  opening  maae  into  the  body  by  removing  a  portion  of  it» 
(see  illustration  No.  4,)  its  exterior  being  kept  moistened  by  water  while 
on  the  fire,  as  still  practised  by  some  people,  while  others  apply  a  coating 
of  clay  to  protect  it  from  the  effects  of  flame. 

In  some  parts  where  the  calabash  or  gourd  is  not  cultivated,  cocoa  shells 
are  used  in  the  same  manner.  Kotzbbue  found  the  Radack  Islanders 
thus  heating  liquids.  ''  On  my  return,  I  fell  in  with^  company  sitting 
round  a  fire  and  boiling  something  in  cocoa  shells."^  A  prunitive  jSm- 
nuUran  vessel  for  boiling  rice  is  the  bamboo,  which  is  still  used — ^by  the 
time  the  rice  is  dressed*  the  vessel  is  nearly  destroyed  by  the  fire.*  When 
in  process  of  time,  vessels  for  heating  water  were  formed  wholly  of  clay, 
they  were  fashioned  after  the  gourd.  Figures  of  ancient  MMcepans  both 
of  metal  and  fictile  ware,  greatly  resemble  it,  and  so  do  some  of  those  of 
modern  times.     The  common  earthenware  pipkin  is  an  example. 

This  useful  implement  has  come  down  from  very  remote  ages,  and 
apparently  with  slight  alteration  in  its  figure.  (See  figure  in  No.  4.)  In 
some  parts  of  Europe,  its  form  approaches  still  nearer  to  that  of  the  gourd. 

It  is  used  over  all  the  eastern* 
world.  Dampier  observed  in 
Tonquin,  "  women  sitting  in  the 
streets  with  a  pipkin,  over  a  small 
fire  full  of  chau,"  or  tea,  which 
.  .  they  thus    prepared    and  sold.' 

x^    *   ^  Fosbroke  enumerating  the  house- 

hold    utensils     represented,    in 
Egyptian    sculptures,    remarks, 
*'we  meet  too  with  vessels  of 
No^  4.  Goufd,  Caoidroa,  sad  Pipkla.  ^®  precise  form  of  modern  sauce 

pans."*    An   interesting  circum 
stance  is  recorded  in  Roman  history  in   connection   with  one  of  these 
vessels.     Marcus  Curius  Dentatus,  who  was  three  dmes  Coftsul,  was  as 


•  Fryer's  India  and  Persia,  p.  47. 

•  Voyaye  Discov.  ii,  109,  and  iii,  158,  and  Fryer's  India,  7. 

•  Manden's  Snmatra,  60.    *  Dampier's  Voy^^-  ^^  1^6.  u,  31     •  For.  Topof .  8& 
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remarkable  for  liis  fru^lity  as  his  patriotism.  Dunns'  the  tJTXje  that  he 
swayed  the  destinies  of  his  country,  the  ambassadors  of  the  Samnites  vi- 
sited him  at  his  cottage,  and  found  him  boiling  vegetables  in  an  earthen 
pot  or  pipkin  ;  they  attempted  to  bribe  him  with  large  presents ;  but  he 
characteristically  replied,  "  I  prefer  my  earthen  pots  to  all  your  vessels 
of  gold  and  of  silver."  To  this  Juvenal  alludes,  when  contrasting  the 
frugality  of  former  times  with  the  luxury  of  his  contemporaries : 

When  with  the  herbs*  he  gathered,  Curicts  stood 

And  seethed  his  pottage  o'er  the  flaming  wood ; 

That  simple  mess,  an  old  Dictator's  treat. 

The  highway  laborer  now  would  scorn  to  eat    Sai.  xi,  105. 

The  common  cast  iron  heUied  kettle  or  cauldron,  furnishes  another 
prouf  of  the  forms  of  culinary  vessels  having  undergone  little  or  no 
change,  ,while  passing  through  so  many  ages :  its  shape  is  precisely  the 
same  as  that  of  the  bitula  or  pot,  sculptured  on  the  obelisk  of  Heliopolis, 
(See  its  figure  in  No.  4,  and  Dr.  Shaw's  Travels,  402,  413.)  Others 
with  ears  and  feet,  are  delineated  in  the  Theban  sculptures.  In  the  tomb 
of  Rameses  the  Third,  is  a  graphic  representation  of  an  Egyptian  kitchen, 
showing  the  processes  of  slaying  the  animals— cutting  the  joints — ^pre- 
paring ingredients  for  seasoning-^ot/tn^  the  meat — stirring  the  fire- 
making  and  baking  bread,  &c.  &:c.  The  cauldrons  of  various  sizes  are 
•iinilar  in  shape  to  ours.  Wilkinson's  An.  Egyp.  ii,  351,  383,  385.  There 
is  reason  to  believe  that  boilers  of  this  form  were  common  to  all  the  na« 
tions  of  the  ancient  world ;  that  the  '  pottage '  by  which  Jacob  defrauded 
Esau  of  his  birthright ;  and  the  *  savoury  meat,'  which  Rebecca  cooked 
for  Isaac,  were  prepared  in  them.  To  one  of  these.  Job  referred ;  "  out 
of  his  nostrils  goeth  smoke,  as  out  of  a  seething  pot  or  cauldron."  xli,  20. 
And  Elisha  also,  when  he  said  to  his  servanL  "  Set  on  the  great  pot,  and 
seethe  pottage  for  the  sons  of  the  prophets."  2  Kings,  iv,  38.  It  is  often 
mentioned  by  Homer,  in  whose  writings  it  forms  a  conspicuous  object: 

And  soon  the  flames  encompassing  around  its  amaU  bisUy, 

lliadt  xviii,  427.    Coteper 

Such  were  the  boilers  of  Argos,  (respecting  which  arose  the  saying,  *'  a 
cook  from  Elis — a  cauldron  from  Argos — tapestry  from  Corinth,  &c.)  and 
of  the  Spartans,  in  which  they  prepared  tiieir  famous  '  black  broth.'  A 
figure  of  a  Roman  cauldron,  in  which  the  priests  boiled  their  portion  of 
the  sacrifice,  is  given  by  Misson,  in  the  first  volume  of  his  Travels,  plate  4, 
It  has  a  bail,  three  studs  or  feet,  and  is  of  a  spherical  shape  resembling 
ours,  but  ornamented  with  figures  round  its  sides. 

The  same  shaped  boilers  were  common  among  the  Grauls,  who  probably 
derived  the  knowledge  of  making  them  from  the  Phenicians.  The  art 
of  tinning  culinary  vessels,  which  they  are  said  to  have  invented,  (Pliny, 
Nat  Hist,  xxxiv,  17,)  was  most  likcsly  obtained  from  the  same  source.^ 
The  Celtiberi  are  said  to  have  been  expert  workers  of  iron.  Their 
'*  most  ancient  iron  pot,"  had  ears  and  feet,  and  was  shaped  like  those  of 
the  Egyptians.  (See  its  figure  in  '  Scottish  Grael.'  p.  316.  The  cast  iron 
cauldrons  of  the  Chinese  are  also  examples.  These  are  made  very  thin ; 
and  what  is  singular,  their  mechanics  have  the  art  of  soldering  them  when 
cracked,  with  portions  of  the  same  metal,  by  means  of  a  blow-pipe  and 
•mall  furnace.*     They  are  the  principal  article  of  furniture  in  the  dwell- 

*Plntareh,  says  they  were  iHmws. 

^  Pliny,  b.  zii,  1,  says,  the  Gauls  were  first  indnced  to  invade  Rome,  by  one  of  tboir 
eoantrrmen,  a  wmitk,  who  had  long  worked  in  that  city.  He  carried  home,  figs,  raisiai^ 
oil  and  wine,  which  ''  set  the  tfusth  of  his  countrymen   watering."    Hoilmmfa  TVmis. 

• « During  oar  short  stay  this  oMming  in  the  village  of  FmkaHm,  I  had  an  oppof 
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ings  of  the  poor.  The  ketties  of  the  Chinese  says  Mr.  Bell,  (who  lodged 
one  day  in  a  cook's  house  near  Pekin,)  *'  are  indeed  very  thin,  and  made 
of  cast  iron,  being  extremely  smooth  both  within  and  withonL"  Fuel  is 
tcarce  and  they  used  bellows  to  heat  them.*  These  we  have  no  reason  to 
suppose  have  undergone  any  change  from  the  remotest  times,  and  they 
are  in  all  probability  of  the  same  form  as  the  celebrated  cauldrons  of  an- 
tiquity. That  those  of  the  Scythians,  the  ancient  Tartars  and  Chinese, 
were  similar  to  those  of  the  Greeks,  is  asserted  by  Herodotus.  *'  As 
Scythia  is  barren  of  wood,  they  have  the  following  contrivance  to  dress 
the  flesh  of  the  victim :  having  flayed  the  animal,  they  strip  the  flesh 
from  the  bones;  and  if  they  have  them  at  hand,  they  throw  it  mto  certam 
jfots  made  in  Scythia,  and  reremblino  the  lesbian  cauldrons,  though 
somewhat  larger."     Herod,  iv,  61. 

The  boilers  of  the  ancient  Mexicans  and  Peruvians,  had  the  same  ge- 
neral form.  See  plate  31  of  Frezier's  Voyage  to  the  South  Sea,  in  1712, 
'13,  '14.  As  these  people  had  not  the  use  of  iron)  their  vessels  were  of 
earthenware,  copper  and  its  alloys,  silver,  and  even  of  gold.  In  the  temple 
pie  at  Cusco,  "  were  boylinff  pots  and  other  vessels  of  gold."  Two  enor- 
mous cauldrons  were  carried  by  the  conquerors  to  Spain,  "  each  sufficient 
wherein  to  boyle  a  cow."  (Purchas'  Pilgrimage,  1061,  and  1073.)  The 
negroes  of  Africa,  made  theirs  of  the  same  shape.  ^Generale  Histoire, 
tom.  V,  Planche  88.)  Large  cauldrons  were  common  of  old ;  they  are 
frequently  mentioned  by  Homer,  Herodotus,  &c.  and  in  the  Bible.  Maho- 
met, in  the  34th  chapter  of  the  Koran,  speaks  of  large  cauldrons  be- 
longing to  David.  Some  of  those  represented  at  Thebes,  appear  suf- 
ficiently capacious  to  contain  the  cooks  that  attend  them.  Crcesus  boiled 
together  a  tortoise  and  a  lamb  in  a  large  brasen  cauldron,  which  had  a 
cover  of  the  same  metal ;  hence  the  reply  of  the  Delphic  oracle,  to  the 
demand  of  his  ambassadors  to  be  infortned  what  Croesus  was  at  that  mo- 
ment doing : 

E'en  now  the  odori  to  mj  sense  that  rise 

A  tortoise  boiling  with  a  lamb  supplies, 

Where  frniss  below,  and  bras$  above  it  lies.     Htrod,  i,  47. 

The  question  naturally  arises — why  such  uniformity  in  the  figure  of  this 
utensil  ]  and  what  has  induced  people  in  distant  times  and  coimtries  to 
make  it  resemble  a  portion  of  a  hollow  sphere  or  spheroid,  instead  of 
forming  it  with  plane  sides  and  bottom  ?  it  is  clear  there  was  some  con- 
trolling reason  for  this — else  why  should  the  fanciful  Greek  and  Roman 
artists,  have  permitted  it  to  retain  its  primitive  form,  while  all  other  house- 
hold implements,  as  lamps,  vases,  drinking  vessels,  and  tripods,  Sec,  were 
moulded  by  them  into  endless  shapes  Brasen  cauldrons  we  know  were 
highly  prized.  They  were  sometimes  polished,  and  their  sides  richly  or- 
namented, but  still  their  general  form  was  the  same  as  those  of  more  an- 
cient people.  In  this  respect,  both  Greeks  and  Romans  lefl  them  as  they 
found  them.  The  reason  is  obvious.  When  a  liquid  is  heated  in  a  cy- 
lindrical or  other  vessel  having  perpendicular  sides,  it  easily  '  boils  over ;' 
but  when  the  sides  incline  imoarcU  at  the  top,  as  in  these  cauldrons ;  it 
cannot  well  be  thrown  out  by  ebullition  alone ;  for  the  heated  waves  as  they 

tunjtjr  of  seeing  a  tinker  execute  what  I  believe  is  unknown  in  Europe.  He  mended 
and  Noldered  frying-pans  of  cast  iron,  that  were  cracked  and  full  of  holes,  and  restored 
them  to  their  primitive  state,  so  that  they  became  as  serviceable  as  ever.  He  ev»n  ^jok 
so  little-  pains  to  effect  this,  and  sncceeded  so  speedily,  as  to  excite  my  astonishment'* 
Van  Braam's  Journal  of  the  Dutch  embassy  to  China,  1794—6.  Lon.  1798.  ii,  7a  an4  / 
Chinese  Keposilory,  Canton,  1838.  iv,  38. 
^Travels  fiom  Petofsborgh  lo  diverse  parts  of  Asia    Lon  HJM.  i,  3ia 
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rise  are  directed  towaixU  the  centre,  where  tbeiv  force  is  expended  agslnst 
each  other.  Dyers,  brewers,  distiUers,  &c.  are  well  aware  of  this  fact 
The  remote  ancients  had  therefore  observed  the  inefficiency  of  strcdght 
sided  boilers,  and  applied  a  simple  and  beauti&l  remedy ;  one  whch  was 
possibly  suraested  by  the  previous  use  of  natural  vessels,  as  the  gourd, 
&c.  This  IS  no  mean  proof  of  their  sagacity,  and  of  the  early  progress  of 
the  arts  of  founding  and  moulding.  From  the  extreme  antiquity  of  these 
cauldrcMis,  it  is  not  improbable  that  their  form  is  similar  to^the  pattern, 
which  Tubal-Cain  himself  used,  and  which  he  taught  his  pupils  to  imitate. 
Similar  vessels  are  found  in .  the  workshops  of  V  ulcan.  See  plate  20, 
Painting,  in  D'Agincourt's  Storia  Dell' Arte,  Prato,  1827.  Brasen  caul- 
drons were  formerly  considered  suitable  presents  fi)r  kings— rewards  of 
valor — prizes  in  the  games,  &c.  Of  the  gifts  offered  by  Agamemnon  to 
to  appease  the  wrath  of  Achilles,  were 

Seven  tripods,  never  suliied  yet  bj  fire ; 

or  gold,  ten  talents;  TwucTr  CAULDBoirfl  brignt** 

ilia^,  ix,  150.    Covoftr. 

They  were  among  the  goods  which  Priam  took  to  redeem  the  body  of 

Hector. 

He  also  took  ten  talents  forth  of  fold, 

All  weighed ;  two  splendid  tripods ;  cadldrohs  four ; 

And  aAer  these  a  cup  of  matcnleae  wortii.    lb.  xxiv.  294. 

The  prizes  at  the  funeral  games  on  the  death  of  Patrocles,  were~ 

'  Capacioos  cauldrohs,  tripods  bright' 

In  the  17th  century,  they  were  considered  suitable  presents  to  a  Persian 
Emir — "  At  length  he  came,  and  was  presented  by  the  caravan-Bashi 
with  a  piece  of  satin,  half  a  piece  of  scarlet  cloth,  and  two  large  copper 
cauldrons."     Tavernier's  Trav,  Lon.  1678.  61. 

These  unobtrusive  vessels  are  now  used  witliout  exciting  a  thought  of 
their  worth,  or  of  the  ingenuity  of  those  to  whom  we  are  indebted  for 
them ;  although  they  have  contributed  infinitely  more  to  the  real  comfort 
and  innocent  Ratification  of  man,  than  all  the  splendid  vases  that  were 
ever  made.  These  have  always  had  their  admirers  and  historians.  Vo- 
lumes embellished  with  costly  illustrations,  have  been  written  on  their 
forms,  materials,  ages  and  authors  \  but  no  modem  Hamilton,  has  entered 
the  kitchen  to  record  and  illustrate  the  origin,  improvement,  modifications 
and  various  uses  of  the  cauldron.  This  vessel,  like  a  despised  but  ne- 
cessary attendant,  has  been  the  inseparable  companion  of  man  in  his  pro- 
gress from  barbarism  to  refinement,  and  has  administered  to  his  necessi- 
ties  at  every  sta^ :  yet  it  has  ever  been  disregarded,  while  literary  cuiti' 
niers  have  expatiated  in  numerous  treatises  on  the  virtues  of  meats  pre- 
pared in  it.  Endless  are  the  essays  on  sauces,  but  the  history  of  the  more 
useful  sauce-pan  is  yet  to  be  written.  An  account  of  this  vessel  and  of 
the  cauldron,  would  place  in  a  very  novel  and  ^instructive  light,  the  do- 
mesdc  manners  of  the  world ;  and  an  examination  of  the  various  modes 
of  heating  the  latter,  would  bring  to  view  many  excellent  devices  for 
economizing  fuel.* 

Vases  used  by  oriental  women  to  convey  water  from  public  wells  and 
•fountains  £or  domestic  purposes,  are  often  referred  to,  by  sacred  and  pro- 
fane authors.     Figure  No;  5,  represents  a  female  of  mndostan,  bearing 

-  -  I  -    —  --  ■ — 

*  See  thto  ancient  Peruvian  furnace  in  Frezier's  Voyage  to  the  South  Seas,  by  which 
three  cauldrons  were  heatml  by  a  very  small  pot  of  lama's  dung,  or  of  the  piai;  t  i:Am 
sirhiea  were  used  for  want  of  other  fiiet 
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onr^  the  shape  of  which,  cloaely  resemoiet  tli« 
gourd  with  the  neck  removed.  This  is  their  ge- 
neral form  throughout  the  east.  The  Hindoos, 
have  them  of  copper  or  brass,  as  well  as  of  eartJi- 
enware,  but  they  are  all  shaped  alike.  This  is 
not  a  tittle  singular,  because  a  deviation  from  a 
globular  to  a  cylindrical  form,  would  enable  theii 
mechanics  to  make  tUote  of  metal  at  much  ieu 
expense.  They  therefore  adhere  to  the  pri- 
mitive model,  because  of  its  superiority  over 
others,  Or  from  that  adhesion  to  ancient  customs 
which  forms  so  prominent  a  feature  in  Asiatic 
character.  In  the  early  ages  it  was  the  univer- 
sal custom  for  youns  women  to  draw  water. 
The  dauehters  of  princes  and  chief  men,  were 
not  exempt  from  iL  Isis  and  Osins  are  sometimes  represented  with  wa« 
ter  vessels  on  their  heads.  There  are  several  interesting  examples  in  the 
Old  Tefitament.  Homer,  as  might  be  expected,  frequently  introduces  fe* 
males  thus  occupied.     When  Nbstor  entertained  Telemachus,  he  bade 

The  handoiaidk  Tor  the  feast  prepare. 

The  leata  to  range,  the  fragrant  wood  to  bring. 

And  limpid  wateiB  from  the  living  spring.    (Si§»,  iii,  544.  Pops. 

And  j.gain  at  Ithaca ; 

With  Sateoos  haste  a  bevy  fair. 

Of  twenty  virgins  to  the  ipring  repair  r 

a  •  •  •  •  • 

Soon  from  the  foimt,  with  each  a  brimming  nro, 

(Eumeus  in  their  train)  the  maids  return.    16.  zz,  193  and  208 

Fountains  and  wells  became  the  ordinary  places  of  assembly  for  young 
people— especially,  *'  at  the  time  of  the  evening,  the  time  that  women  go 
out  to  draw  water."  Gen.  xxiv,  II.  Several  of  the  Patriarchs  first  be- 
held their  future  wives  on  these  occasions  ;  and  were  doubtless  as  much 
captivated  by  their  industry  and  benevolent  dispositions  in  relieving  the 
wants  of  strangers  and  travelers,  as  by  their  personal  charms.     It  was 

Beside  a  chiyital  springs 

that  Ulysses  met  the  daughter  of  Anti{)hates.  Travelers  have  often  no- 
ticed the  singular  tact  with  which  Asiatic  women  balance  several  of  these 
water  pots  on  their  heads  without  once  touching  them  with  their  hands. 
'*  The  finest  dames  of  the  Qentoos  disdained  not  to  carry  water  on  their 
heads,  with  sometimes  two  or  three  earthen  pots  over  one  another,  for  house- 
hold service ;  the  like  do  all  the  women  of  the  Gentiles."  Fryer's  Trav. 
117.  At  one  of  their  religious  festivals,  Hindoo  women,  "  have  a  custom 
of  dancing  with  several  pots  of  water  on  their  heads,  placed  one  abov« 
another."     Sonnerat,  i,  150. 

A  very  pleasing  instance  of  female  dexterity  in  carrying  water,  is  re 
corded  by  Herodotus,  v,  12.     As  Darius,  king  of  Persia,  was  sitting  pub- 
licly in  one  of  the  streets  of  Sardis,  he  observed  a  younfp  woman  of  great 
eleganco  and  beauty,  bearing  a  vessel  on  her  head,  leadmg  a  horse  by  a  - 
bridle  fastened  round  her  arm,  and  at  the  same  time  spinning  some  threa<L« 
Darius  viewed  her  as  she  passed,  ivith  attentive  curiosity,  ooserving  that 
her  employments  were  not  those  of  a  Persian,  Lydian,  nor  indeed  of  any 
Asiatit  female ;  prompted  by  what  he  had  seen,  he  sent  some  of  his  at- 
tendants to  observe  what  she  did  with  the  horse.     They  accordingly  fol- 
lowed her — When  she  came  to  the  river,  ahe  gave  the  horse  some  water 
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and  then  iUled  her  pitcher :  having  done  this,  she  returned  by  the  way 
she  came,  with  tlie  pitcher  of  water  on  her  head,  the  horse  fastened  by  a 
bridle  to  her  arm,  and  as  before,  employed  in  spinning. 

Industrious  labor  is  an  ornament  to  every  young  woman— indeed  nei- 
ther the  symmetry  of  her  person,  nor  the  vigor  of  her  mind,  can  be  per- 
fectly developed  without  it.  The  fine  forms  and  glowing  health  of  the 
women  of  old,  were  chiefly  owing  to  their  temperate  modes  of  living, 
their  industrious  habits,  and  the  exercise  they  took  in  the  open  air. 

A  circumstkuce  recorded  in  the  history  of  the  Egyptians, 
accounts  for  the  peculiar  form  of  one  of  their  favorite  ves- 
sels, the  Canopug;  the  annexed  figure  of  which,  is  taken 
from  the  '  History  of  the  ancient  people  of  Italy,'  plate  27. 
It  was  named  after  one  of  their  deities,  who  became  fa- 
mous on  account  of  a  victory  which  he  obtained  over 
the  Chaldean  deity,  Fire; — ^the  story  of  which  exhibits 
no  small  degree  of  ingenuity  in  a  priest,  and  it  affords  a 
fair  specimen  of  the  miracles  by  which  people  v^ere  de- 
luded in  remote  times.  The  Chaldeans  boasted,  as  they 
justly  mi^ht,  of  the  unlimited  power  of  their  god,  and 
Now  s.  A  CuopM.    ^ey  carried  him  about  to  combat  with  those  of  other 

provinces,  all  which  he  easily  overcame  and  destroyed^ 
for  none  of  their  images  were  able  to  resist  the  force  o{  fire  ! — At  length 
a  shrewd  priest  of  Canopus,  devised  rJiis  artifice  and  challenged  the:  Chal- 
deans to  a  trial.  He  took  an  earthen  jar,  in  the  bottom  and  sides  of 
which  he  drilled  a  ereat  number  of  small  holes  ; — ^these  he  stopt  up  with 
wax,  and  then  filled  the  jar  with  water :  he  secured  the  head  of  an  old 
image  upon  it,  and  having  painted  and  sufficiently  disguised  it,  brought 
it  forth  as  the  god  Canopus !  In  the  conflict  with  the  Chaldean  Deity 
the  wax  was  soon  melted  by  the  latter,  when  the  water  rushed  out  of  the 
holes,  and  quickly  extinguished  the  flames.  Univ.  Hist,  i,  206.  In  me* 
mory  of  this  victory,  vessels  resembling  the  figure  of  the  god  used  on 
this  occasion  became  common.  Dr.  Shaw  gives  the  figure  oi  one  which 
he  brought  with  him  from  Egypt.  Trav.  425.  See  Montfaucon,  torn,  ii, 
liv.  i,  cap.  18.  A  figure  of  one  throwing  out  water  from  numerous  holes 
on  every  side  is  also  given.  Tom.  ii,  liv.  iii. 

A  somewhat  similar  case  of  superstition  in  the  middle  ages,  is  quoted 
by  Bayle  from  Baronius ;  being  a  trial  of  the  virtue  in  the  bones  of  two 
saints ;  or  rather  a  contest  of  priestly  skill.  Bt.  MartiiCt  relics  being 
carried  over  all  France  came  to  Auxerre,  and  were  deposited  in  the 
church  of  St,  Germain^  where  they  wrought  several  miracles.  The 
priests  of  the  latter  considered  him  as  g^eat  a  saint  as  the  former ;  they 
therefore  demanded  one  half  of  the  receipts,  "  which  were  considerable;" 
but  Martin's  priests  contended  that  it  was  his  relics  that  performed  all 
the  miracles,  and  tlierefore  all  the  gifts  belonged  to  them.  To  prove 
this,  they  proposed  that  a  sick  person  should  be  put  between  the  shrinea 
of  the  saints,  to  ascertain  which  performed  the  cure.  They  therefore 
laid  a  leper  between  them,  and  he  was  healed  on  that  side  which  was 
next  to  St  Martin's  bones,  and  not  on  the  other  !  the  sick  man  then  very 
naturally  turned  his  other  side,  and  was  instantly  healed  on  that  also ! 
Cardinal  Baronius  in  commenting  on  this  result,  seriously  observes,  thai 
St.  Germain  was  as  great  a  saint  as  St.  Martin,  but  that  as  the  latter  had 
done  him  theyaror  ^a  wi/,  he  suspended  the  influence  he  had  with 
God,  to  do  his  gtiest  the  greatest  honor !  The  custom  of  having  patroa 
jsaints  or  gods  was  universal  among  the  ancient  heathen ;  and  the  same  syir 
rem  was  carried  by  half  pagan  christians  of  the  dark  ages  to  an  incrediblt 
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extent  Ecclesiaitics  peddled  the  country,  like  itinerant  jugglers,  wifib 
facks  of  bones  and  other  relica  from  the  chamel  houae-^die  pretended 
virtues  of  which,  they  sold  to  the  deluded  multitude  as  in  the  above  instancOi 


CHAPTER      IV. 

On  WsLL9— M'aiar  om  of  th«  flnt  ol^ecti  of  ancient  bn«bandnieB— Lot— Wed!  before  Che  delofe- 
Digf  iof  them  through  roch  eubeequent  to  the  uce  of  niet«l«— Art  of  dif  ginf  them  cerried  to  greet  per- 
fhction  by  the  AtUtic*— Modem  methods  of  mahing  them  in  looee  aoib  derived  fhun  the  East— Welb 
often  the  nuclei  of  citiee— Prirate  wells  common  of  old>-rablie  wells  infested  bj  Banditti— WeHs  na- 
merous  m  Oreece  Introdnced  there  bj  Danans— PaeU  connected  with  tiMm  In  the  mjrthoiogic  agae 
Persian  ambassadors  to  Athens  hnd  Laeedemon  thrown  into  wdl»-iPhenician,Carthagenian  and  Roman 
welb  extant— <:;msar  and  Pompey's  hnowledge  of  making  wells  enakded  them  to  eoaqner— City  of 
Pompeii  discovered  by  digging  a  well— Wells  in  Ch*.na,  Persia,  Palestine,  India,  and  Turkey->-Cisieras 
•f  Solomon— Sufferings  of  travelers  ftom  tliirsi— Affecting  account  flrom  Leo  Africanus  Mr.  Bruce  ia 
Abywinia— Dr.  Eyers  in  Gombroon— Hindoos  praying  for  watei^^aravan  of  9000  peteens  and  1800 
camels  perished  in  the  African  desert — Crusaders. 

As  the  human  family  multiplied,  its  members  necessarily  kept  extend- 
mg  themselves  more  and  more  from  their  first  abode ;  and  in  searciibg 
for  suitable  locations  the  prospect  of  obtaining  water  would  necessarily  ex- 
ert a  controlling  influence  in  Uieir  decisions.  An  example  of  Uiis,  in  later 
times,  is  given  by  Moses  in  the  case  of  Abraham  ana  Lot.  The  land 
was  too  much  crowded  by  their  families  and  flocks,  "  so  that  they  cculd 
not  dwell  together,"  and  when  they  had .  concluded  to  separate.  Lot 
selected  the  plain  of  Jordan,  because  "  it  was  Ufelf.  tcaUred  every  where." 
Oen.  xiii,  10.  In  the  figurative  language  of  the  East,  "Lot  lifted  up  his 
eyes  and  beheld  all  the  plain  of  Jordan ;"  in  plain  English,  he  went  and 
carefully  examined  it.  when  thus  extending  themselves,  the  early  in- 
habitants of  the  world,  would  frequently  meet  with  locations  every  way 
adapted  to  their  wants  with  the  single  exception  of  water ;  circumstances, 
which  necessarily  must  have  excited  their  ingenuity  in  devising  means 
to  obtain  it. 

At  what  pei-iod  of  mans'  history  he  first  had  recourse  to  wells,  we 
have  no  account ;  nor  of  the  circumstances  which  led  him  to  penetrate  the 
earthf  in  search  of  water.  Wells,  we  have  no  doubt,  are  of  antediluvian 
origin,  and  the  knowledge  of  them,  like  that  of  the  primitive  arts,  has 
been  preserved  by  uninterrupted  use  from  the  period  of  their  first  dis« 
'  oovery.  At  first,  they  were  probably  nothing  more  than  shallow  cavities 
dug  in  moist  places ;  and  their  depth  occasionally  increased,  in  order  to 
contain  the  ntrface  water  that  might  drain  into  the^  within  certain  inter- 
vals of  time ;  a  mode  of  obtaining  it  still  practised  among  barbarous  peo- 
ple. The  wells  of  Latakoo,*  described  b^  Mr.  CampbeU,  in  his  "  Travels 
m  South  Africaj"  were  of  this  description.  They  were  but  two  feet 
deep  and  were  emptied  every  morning.  The  people  of  New  Holland, 
the  most  wretched  and  ignorant  of  our  species,  had  similar  excavations, 
at  which  Dajnpier,  when  on  the  coast  in  1688,  obtained  a  supply  for  his 
ships.  He  says,  *'  we  filled  our  barrels  with  water  at  wells  which  had  been 
due  by  the  natives."  Bumey's  Voy.  iv,  260.  Wells  are  also  connected 
widi  the  superstitions  of  the  New  Zealanders ;  and  the  Radack  Islanders; 
when  discovered  by  Kotzebue,  had  pits  or  square  wellsi  which  they  had' 
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dug  for  water.  Rolsebne's  Voy.  u»  28,  66,  and  iii»  145,  223.  The  fresh 
water  which  Columbus  found  in  the  huts  belonging  to  tlie  Indians  of 
Cuba,  was  probably  obtained  from  similar  w«Us ;  but  which  the  Span- 
iards, who  found  none  but  salt  water,  were  unable  to  discover.  Personal 
Nar.  of  Colum.  67.  Boston,  1827. 

These  simple  excavations  would  naturally  be  multiplied  and  their 
dimensions  enlarged  as  far  as  the  limited  means  of  man,  in  the  early  ages, 
would  permit,  and  his  increasing  wants  require.  But  when  the  discoveiy 
of  the  metals  took  place,  (in  the  sev^th  generation  from  the  first  pair,  ac- 
cording to  both  Moses  and  Sanchoniathon,)  the  depth  of  wells  would  no 
longer  be  arrested  by  rocks,  nor  their  construction  limited  to  locations 
where  these  did  not  occur.  From  very  ancient  wells  which  still  remain, 
it  is  certain,  that  at  a  time  long  anterior  to  the  commencement  of  history, 
the  knowledge  of  procuring  water  by  means  of  them,  was  well  under* 
stood,  perhaps,  equally  so  as  at  present.  On  this  supposition  only,  can  we 
reconcile  the  selection  of  locations  for  them  composed  whaUy  of  rock. 
8ome  of  the  oldest  wells  known  are  dug  entirely  through  that  material, 
and  to  a  prodigious  depth. 

Man*s  ingenuity  was,  perhaps,  first  exercised  in  procuring  water; 
and  it  is  not  improbable,  that  the  art  of  constructixlg  wells  was  more 
rapidly  carried  to  perfection  than  any  other.  The  physical  character  of 
central  Asia,  its  climate,  universal  deficiency  of  water,  its  swarms  of  in« 
habitants,  and  their  pastoral,  and  agricultural  pursuits,  would  necessarily 
contribute  to  this  result.  The  Abbe  Fleury,  in  his  '*  Manners  of  the  An- 
cient Israelites,"  justly  observes,  **  their  numerous  herds  of  cattle  necessa- 
rily induced  them  to  set  a  very  high  value  on  their  wells  and  cisterns ;  and 
more  especially  as  they  occupied  a  country  where  there  was  no  river  but 
Jordan,  and  where  rain  seldom  fell."  Chap.  iii.  In  no  other  part  of  the 
world,  even  in  modem  times,  has  more  science  been  evinced,  or  mechani- 
cal skill  displayed  in  penetrating  the  earth,  than  is  exhibited  in  some  of  the 
ancient  wells  of  the  east ;  and  it  is  to  their  authors,  that  we  are  indebted 
for  the  only  known  method  of  sinking  wells  of  great  depth,  through  loose 
soils  and  quicksands,  viz :  by  first  constructing  a  curb,  (of  stone,  brick, 
&c.)  which  settles  as  the  excavation  is  deepened,  and  thereby  resists  the 
pressure  of  the  surrounding  soil. 

Wells  are  mentioned  by  Moses,  as  in  commom  use  among  the  ancient 
Canaanites ;  some  of  which  at  that  remote  age  adjoined  roads,  for  the  be- 
nefit of  travelers  and  the  public  at  large.  Indeed,  all  people  who  have  had 
recourse  to  wells,  have  consecrated  some  of  them  to  the  convenience  of 
strangers  and  travelers.  The  first  wells  were  probably  all  of  this  descrip- 
tion. Most  of  those  mentioned  in  history  were  certainly  such.  At  one  oi 
these,  Hagar  rested  and  refreshed  herself,  when  she  fled  from  the  ill  treat- 
ment of  Sarah.  And  it  was  "  by  the  way"  of  this  well,  that  Isaac  was  going 
when  he  first  met  with  Rebecca.  And  we  learn  from  Gen.  xxv,  11,  that 
he  subsequently  took  up  his  abode  near  it ;  a  custom  by  which  wells 
fre<^uently  became  nuclei  of  ancient  cities.  Jacob's  well  is  an  example, 
if  really  dug  by  him.  When  that  patriarch  and  his  family  drank  of  its 
waters,  few  dwellings  were  near  it;  (Gen.  xxiii,  19 ;)  but,  before  the  time 
of  Alexander,  these  had  so  far  increased,  as  with  the  ancient  Shalem,  to 
form  the  capital  city  of  Samaria.  And  600  years  befoi-e  Alexander's  con- 
quest of  Judea,  Jeroboam  when  he  governed  the  ten  tribes  had  a  palace 
in  the  vicinity  of  this  well.  Josephus,  Antiq.  viii,  3.  **  Tadmor  in  the  wil- 
•  derness,"  or  Palmyra,  one  of  the  most  splendid  cities  of  the  old  world. 
Was  biiilt  by  Solomon  (2  Chron.  viii,  4,)  in  the  Syrian  desert,  and  its  loca- 
tion determined  according  to  Josephus,  (Antiq.  viix,  6,)  *'  beca«ise  at  that 
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place  only  there  are  springs  and  pits  (wells)  of  water.'*  Pliny  makes  dm 
same  remark,  and  speaks  of  its  "p.bundance  of  water."  Nat.  His.  v,  25. 
Bonnini,  in  his  '  Syracuse  Antichi/  remarks  that  most  of  the  Sicilian  cities 
took  their  names  from  the  fountains  they  w^ere  near,  or  the  rivers  they 
bordered  u{>on.  The  deep  well  in  the  Cumean  Sybirs  cave,  gave  its  name 
hilyhcyhoui  to  the  cape  and  town  near  it.  Breval's  Remarks  on  Euroi^e,  19 
and  39.  The  same  may  be  said  of  other  European  cities.  Batii  in  Eng- 
land derived  its  name  from  the  springs  near  iL  It  was  named  Caer-Badon» 
or  the  place  of  baths,  before  the  Rojnan  invasion.  The  city  of  Well8« 
also,  was  named  after  tlie  wells  of  water  near  it,  especially  the  one  now 
known  as  St.  Andrew's  Well.  Lewis's  Topographical  Dictionary.  Many 
others  might  be  named. 

Private  wells  were,  howeverj  very  common  in  ancient  times.  Abraham 
and  Isaac  constructed  several  for  the  use  of  their  own  families  and  flocks. 
David's  spies  were  secreted  in  the  well  of  a  private  house.  '*  Water 
out  of  thine  own  cistern  and  running  waters  out  of  thine  own  well,"  is 
the  language  of  Proverbs,  v,  15 ;  and  in  the  2d  Book  of  Kings,  xviii,  31, 
we  read  of  "  every  one  drinking  water  out  his  of  own  cistern ;"  or  pit  as  it 
is  in  the  margin ;  a  term  often  used  by  eastern  writers,  synonymously  with 
well.  In  the  plans  of  private  houses  at  Kamac,  it  appears  that  tlic  ancient 
Egyptians  arranged  their  houses  and  court  yaids  (Grande  Description^ 
torn,  iii,  Planche  xvi,)  in  a  manner  very  similar  to  diose  of  the  Romans, 
as  seen  at  Pompeii,  and  like  these,  each  house  was  generally  furnished 
with  a  round  well  and  an  oblong  cistern.  Lardner's  Arts  of  the  Greeks 
and  Romans,  i,  44.  *'  If  I  knew  a  man  incurably  thankless,"  says  Seneca, 
**  I  would  yet  be  so  kind  as  to  put  him  on  his  way,  to  let  him  light  a  can- 
dle at  mine,  or  draw  water  at  mytDeU"  Seneca  on  Benefits;  L'Estrange's 
Trans.  The  story  of  Apono,  an  Italian  philosopher,  and  reputed  magi- 
cian, of  the  13fh  century,  indicates  that  aimost  every  house  nad  a  welL 
He,  however,  had  not  one,  or  it  was  dry,  and  his  neighbor  having  refused 
to  let  his  maid  draw  water  from  his  well,  Apono,  it  was  said,  by  his 
ma^c  caused  it  through  revenge  to  be  carried  off  bydevtU    Bayle, 

Numerous  wells  of  extreme  antiquity  are  still  to  1h-.  -leen  in  Egypt* 
Van  Sleb  notices  several.  Besides  those  in  some  of  the  pymniids,  there  are 
others  which  are  probably  as  old  as  those  structures.  Mr  \Vilkinson  men- 
tions one  near  the  pyramids  of  Greezer.  An.  Egyp.  vol.  iu  Among  the 
ruins  of  Nineveh,  a  city  whose  foundaUons  were  laid  by  Ashur,  the  son 
of  an  antediluvian,  is  a  remarkable  well,  which  supplies  the  |Hfasaiits  of 
the  vicinity  with  water,  and  who  attribute  to  it  many  virtues .•  (Captain 
Rich  named  it  Thiabe^M  WelL  The  immediate  successors  of  that  Pharaoh 
who  patronized  Joseph  erected  stations  to  command  the  wells,  (whicli  were 
previously  in  use,  and  probably  had  been  for  ages,)  at  Wadee  Jasous^  and 
tliese  same  weUs  still  supply  the  port  of  Philotenus  or  iEnnum,  on  the  Red 
Sea,  with  water,  as  they  did  four  thousand  years  ago.^ 

The  building  of  stations  to  protect  wells  was  common  in  ancient  times, 
on  account  of  robbers  laying  in  wait  near  them.  There  is  an  allusion  to 
this  in  Judges,  "  They  are  delivered  from  the  noise  of  archers  in  the  places 
of  drawing  water."  Chap,  v,  1 1.  It  was  at  the  public  fountains  that  the 
Pelasgi  attacked  the  Athenian  women.  Near  the  ruins  of  an  Egyptian 
Temple  at  Wady  El  Mecah,  is  an  enclosure,  in  the  centre  of  which  is  a 
well.  "All  round  the  well  there  is  a  platform  or  c^allcry  raised  six  feet, 
on  which  a  guard  of  soldiers  might  walk  all  round.     In  the  upper  part 

•Narrative  of  a  residence  in  Koordistan,  and  on  the    site  of  ancient  Nineveh,  hy 
C.  J.  Rich,  Loa  1836.  VoL  u,  26  and  34.    ^An.  Egyp,  Vol  i,  46. 
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of  the  wall  are  holes  for  dbcharging  arrows."  Foshrokes*  Far,  Top,  322. 
The  custom  of  guai  ding  the  roads,  especially  in  the  vicinity  of  tanks  and 
wells,  is  still  common.  Fryer  in  his  x  ravels  in  India,  noticed  it.  "  We 
found  them  in  arms,  not  sunering  their  women  to  stir  out  of  the  town  un- 
guarded, to  fetch  water."  Page  126,  222.  In  Sliaw's  Travels  in  Mauri- 
tania, he  noticed  a  beautiful  rill  of  water,  which  flowed  into  a  basin  of 
Roman  workmanship,  named  '  Shrub  we  Kmh^  i.  e.  "  drink  and  be  oi!*," 
on  account  of  the  danger  of  meeting  assassins  in  its  vicinity.  Sandys 
speaks  of  the  "  wells  of  fear."     Travels,  p.  140. 

Ip  ancient  Greece,  wells  were  very  numerous.  The  inhabitants  of 
Attica  were  supplied  with  water  principally  u«  in  them.  Vitruvius  re- 
marks, that  the  other  water  which  they  had,  was  of  bad  quality.  B.  viii. 
Chap.  3.  Plutarch  has  preserved  some  of  the  law^*  of  Solon  respecting 
wells.  By  these  it  was  enacted  that  all  persons  who  lived  withm  four 
furlongs  of  a  public  well,  had  liberty  to  use  it;  but  when  the  distance  was 
greater,  they  were  to  dig  one  for  themselves ;  and  they  were  requir- 
ed to  dig  at  least  six  feet  from  their  neighbor's  ground.  Life  of  Soloiu 
According  to  Pliny,  Danaus  sunk  the  first  wells  in  Greece.  Nat  His. 
vii,  56.  Plutarch,  in  his  life  of  Cimon,  says  the  Athenians  taught  the  rest 
of  the  Greeks  *'  to  sow  bread  com,  to  avail  themselves  of  the  use  of  wells, 
and  of  the  benefit  of  fire  "  From  the  connection  in  which  wells  are  here 
mentioned,  it  is  evident,  that  in  the  opinion  of  the  ancient  Greeks,  they 
were  among  the  first  of  man's  inventions  ;  and  hence  the  antiquity  of  de- 
vices to  raise  water  from  them.  In  the  mythologic  ages,  the  labor  of  rais- 
mg  water  out  of  def^p  wells  was  imposed  as  a  punishment  on  the  daugh- 
ters of  Danaus,  for  the  murder  of  their  husbands.  The  daughters  of  Phae- 
don  (who  was  put  to  death  by  the  thirty  tyrants)  threw  themselves  into  a 
well,  preferring  death  to  dishonor.  The  body  of  Chrysippus,  son  of 
Pelops,  was  disposed  of  in  the  same  waVf  after  being  murdered  by  his 
brothers,  or  his  step-mother.  When  Danus  sent  two  heralds  to  demand 
earth  and  water  of  the  Athenians,  (the  giving  of  which  was  an  acknow- 
ledgment of  subjection,)  they  threw  one  of  them  into  a  ditch,  and  the 
other  into  a  well,  telling  them  in  mockery  to  take  what  they  came  for. 
Plutarch.  Ajid  Herodotus  informs  us,  that  the  Lacedemonians  treated  the 
Persian  ambassadors,  who  were  sent  to  them  on  the  same  errand,  in  pre 
cisely  the  same  manner.  Herod.  D.  viii.  133.  These  brutal  acts  led  to 
the  invasion  of  Greece  by  Xerxes. 

Shortly  afler  Alexander's  death,  Perdiccas  and  Roxana  murdered  Statira 
and  her  sisters,  and  had  their  bodies  thrown  into  a  well.  Hence,  wells 
were  probably  common  in  Babylon  as  well  as  in  Nineveh ;  for  this  was 
most  bkely  a  private  one ;  a  public  one  would  scarcely  have  been  select- 
ed, where  concealment  was  required.  Sir  R.  K.  Porter,  in  his  Travels  in 
Georgia,  Persia,  Armenia,  and  ancient  Babylon,  Vol.  i.  698,  speaks  of  the 
remains  of  an  ancient  and  "  amazing  deep  well,"  near  Shiraz.  Remains 
of  Phenician  and  Carthagenian  wells  are  still  to  be  seen.  Near  the  ancient 
Barca,  Delia  Cella  discovered  ''  wells  of  great  depth,  some  of  which  still 
ttSbrd  most  excellent  water."*  At  Arar,  are  others,  some  of  which  are 
excavated  through  rocks  of  sandstone.  At  Arzew,  the  ancient  Arsemiria^ 
Dr.  Shaw  observed  a  number  of  wells,  **  which  from  the  masonry  appear 
to  be  as  old  as  the  city."^  The  celebrated  fountain  of  the  sun  of  the  an- 
cients, near  the  temple  of  Jupiter  Ammon,  according  to  Belzoni,  is 
a  WELL  sixty   feet  deep,   and   eight    feet  square.      (in   this   case  and 
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numerous  others,  the  terms  "  well"  and  "  fountain/'  are  synonymous. 
'*  The  following  is  among  the  first  observations  of  Sir  William  Gell, 
after  landing  on  the  Troad ;  "  we  past  many  welb  on  the  road,  a 
proof  that  the  country  was  once  more  populous  than  at  present.^  The 
mhabitants  of  Ithaca,  the  birth  place  of  Ulysses  and  Telemachus,  and 
the  scene  of  some  of  the  principal  events  recorded  in  the  poetry  of 
Homer,  still  draw  their  supplies  ot  water,  as  in  former  times,  from  wells.  ^ 
And  as  in  other  places,  a  tower  was  anciently  erected  jto  guard  one  of 
these  wells,  and  protect  the  inhabitants  while  drawing  water  from  it.* 

The  ancient  Egyptians  irrigated'  the  borders  of  the  desert  above  the 
reach  of  the  inundations  of  the  Nile,yr(mt  wells,  which  they  dug  for  that 
purpose.^     The  Chinese  also  use  wells  to  water  their  land. 

As  it  regards  the  antiquity,  and  importance  of  wells,  it  has  been  observed 
that  the  earliest  account  on  record  of  the  purchase  of  land,  23  Gen.  was 
subsequent  to  that  of  a  well,  Gen.  xxi,  30. 

Roman  wells  are  found  in  every  country  which  that  people  conquered. 

Sheir  armies  had  constant  recourse  to  them,  when  other  sources  ot  water 
iled,  or  were  cut  off  by  their  enemies.  Paulus  Emilius,  Pompey,  and  Css- 
sar,  often  preserved  their  troops  from  destruction  by  having  recourse  to  them. 
This  was  strikingly  illustrated  by  Caesar  when  besieged  in  Alexandria;  the 
water  in  the  cisterns  having  been  spoiled  by  the  Egyptians.  It  was  Pom- 
pey's  superior  knowledge  in  thus  obtaining  water,  which  enabled  him  to 
overthrow  Mithridates,  by  retaining  possession  of  an  important  post, 
which  the  latter  abandoned  for  want  of  water.  Thus  the  destinies  of 
these  manslayers  and  their  armies,  frequently  depended  on  the  wells 
which  they  made. 

The  city  of  Rome,  previous  to  the  time  of  Applus  Claudius  Csscus,  whc 
first  conveyed  water  to  it  by  an  aqueduct.  A.  U.  C.  411,  was  suppfled  chiefly 
from  fountains  and  wells,  several  of  which  are  preserved  to  this  day.  (At 
Chartres  in  France,  a  Roman  well  is  still  knpwn  as  the  '  Saints'  well,'  on 
account  of  martyrs  drowned  in  it  by  the  Romans.) 

In  noticing  the  wells  of  ancient  Italy,  we  may  refer  to  a  circumstance, 
which  although  trivial  in  itself,  led  to  the  most  surprising  discovery  that 
had  ever  taken  place  on  this  globe,  and  one  which  in  the  interest  it  has 
excited  is  unexampled.  In  the  early  part  of  the  eighteenth  century,  1711, 
an  Italian  peasant  while  diggifig  a  well  near  his  cottage,  found  some 
fragments  of  colored  marble.  These  attracting  attention,  led  to  further  ex- 
cavation, when  a  statue  of  Hercules  was  disinterred,  and  shortly  after- 
wards a  mutilated  one  of  Cleopatra.  These  specimens  of  ancient  art, 
were  found  at  a  considerable  depth  below  the  surface,  and  in  a  place 
which  subsequently  proved  to  be  a  temple  situated  in  the  centre  of  the 
ancient  city  of  Herculaneum !  This  city  was  overwhelmed  with  ashes 
and  lava,  during  an  eruption  of  Vesuvius,  A.  D.  79,  being  the  same  in 
which  the  elder  F liny  perished,  who  was  suffocated  with  sulphurous  va- 
pors, like  Lot's  wife  in  a  similar  calamity.  Herculaneum  therefDre  had 
been  buried  1630  years  !  and  while  every  memorial  of  it  was  lost,  and 
ev^n  the  site  unknown,  it  was  thus  suddenly,  by  a  resuirection  then 
unparalleled  in  the  annals  of  the  world,  brought  again  to  light ;  and 
streets,  temples,  houses,  statues,  paintings,  jewellery,  professional  imple- 
ments, kitchen  utensils,  and  other  articles  conn'^cted  widi  ancient  domestic 
life,  were  to  be  seen  arranged,  as  when  thei;  owners  were  actively  moT- 
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ing  among  them.  Even  t)ie  skeletons  of  some  of  the  inhabitants  were 
found  ;  one,  near  the  thresliold  of  his  door,  with  a  bag  of  money  in  his 
band,  and  apparently  in  the  act  of  escaping. 

The  light  which  this  important  discovery  reflected  upon  numerous  sub- 
jects connected  with  tlie  ancients,  has  g^atly  eclipsed  all  previous  sour- 
ces of  information ;  and  as  regards  some  of  the  arts  of  the  Romans,  the 
information  thus  obtained,  may  be  considered  almost  as  full  and  satisfactory, 
as  if  one  of  their  mechanics  had  risen  from  the  dead  and  described  them. 

Among  the  early  discoveries  made  in  this  city  of  Hercules,  (it  having 
been  founded  by,  or  in  honor  of  him,  1250,  B.  C.)  not  the  least  interesting 
is  one  of  its  public  wells ;  which  having  been  covered  by  an  arch  ana 
surrounded  by  a  curb,  the  ashes  were  excluded.  Phil.  Trans,  xlvii, 
151.  This  well  was  found'  in  a  high  state  of  preservation — it  still  con- 
tains excellent  water,  and  is  in  the  same  condition  as  when  the  last  fe- 
males retired  from  it,  bearing  vases  of  its  water  to  their  dwellings,  and 
probably  on  the  evening  that  preceded  the  calamity,  which  drove  them 
from  it  for  ever. 

Forty  years  after  the  discovery  of  Herculaneum,  another  city  over- 
whelmed at  the  same  time,  was  "  destined  to  be  the  partner  of  its  disinter 
ment,as  well  as  of  its  burial."  This  was  Pompeii,  the  very  name  of 
which  had  been  almost  forgotten.  As  it  lay  at  a  greater  distance  from 
Vesuvius  than  Herculaneum,  the  stream  of  lava  never  reached  it.  It  was 
inhumed  by  showers  of  ashes,  pumice  and  stones,  which  formed  a  bed  of 
variable  depth  from  twelve  to  twenty  feet,  and  which  is  easily  removed; 
whercias  the  former  citv  was  entombed  in  ashes  and  lava  to  the  depth  of 
from  seventy  to  a  hundred  feet.  With  the  exception  of  the  upper  stories 
oi  the  houses,  which  were  either  consumed  by  red  hot  stones  ejected  from 
the  volcano,  or  crushed  by  the  weight  of  the  matter  collected  on  their 
roofs,  we  behold  in  Pompeii  a  flourishing  city  nearly  in  the  state  in  which 
it  existed  eighteen  centuries  ago !  The  buildings  unaltered  by  newer 
fiishions ;  the  paintings  undiramed  by  the  leaden  touch  of  time ;  household 
fumitnre  left  in  the  confusion  of  use ;  articles  even  of  intrinsic  value 
abandoned  in  the  harry  of  escape,  yet  safe  from  the  robber,  or  scattered 
about  as  they  fell  from  the  trembling  hand  which  could  not  stoop  or  pause 
for  tlie  most  valuable  possessions ;  and  in  some  instances  the  bones  of  the 
inhabitants,  bearing  sad  testimony  to  the  suddenness  and  completeness  of 
the  calamity  which  overwhelmed  them.  Pompeii,  i,  5.  Lib.  Entertaining 
Knowledge.  In  the  prison,  skeletons  of  unfortunate  men  were  discov- 
ered, their  leg  bones  being  enclosed  in  shackles,  and  are  so  preserved  in 
the  museum  at  Portici. 

I  noticed,  says  M.  Simond,  a  striking  memorial  of  this  mighty  eruption, 
m  the  Forum  opposite  to  the  temple  of  Jupiter ;  a  new  altar  of  white 
marble  exquisitely  beautiful,  and  apparently  just  out  of  the  hands  of  the 
sculptor,  had  been  Erected  there ;  an  enclosure  was  building  all  around ; 
the  mortar  just  dashed  against  the  side  of  the  wall,  was  but  half  spread 
out ;  you  saw  the  long  sliding  stroke  of  the  trowel  about  to  return  and 
obliterate  its  own  track — ^but  it  never  did  return ;  the  hand  of  the  work 
man  was  suddenly  arrested  ;  and,  after  the  lapse  of  1800  years,  the  whole 
looks  so  fresh,  that  you  would  almost  swear  the  mason  was  only  gone  to 
his  dinner,  and  about  to  come  back  immediately  to  finish  his  work  1 
We  can  scarcely  conceive  it  possible  for  an  event  connected  with  the  arts 
of  former  ages,  ever  to  happen  in  future  times,  equal  in  interest  to  the  re- 
surrection of  these  Roman  towns,  unless  it  be  the  reappearance  of  the 
Phenician  cities  of  the  plain. 

From  the  facility  of  removing  the  materials  at  Pompeii,  much  greater 
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tdvances  have  been  made  in  uncovering  the  buildings  and  clearing  the 
gtreets,  than  will  probably  ever  be  accomplished  in  Herculaneum.  Ai 
might  have  been  expected,  several  icells  have  been  found,  besides  rain* 
icater  cisterm  and  Jbuntains  in  great  numbers.  The  latter  were  so  com- 
mon, that  scarcely  a  street  has  been  found  without  one  ;  and  every  house 
■was  provided  with  one  or  more  of  the  former. 

During  the  excavations  immediately  previous  to  the  publication  of  Sir 
VVm.  Gell's  splendid  work,  •  Pompeiana,'  in  1832,  a  very  fine  well  was 
discovered  near  the  gate  of  the  Pantheon,  IIG  feet  in  depth  and  contain 
inffl5  feet  of  water!' 

That  wells  were  numerous  in  Asia  and  the  east  generally,  we  can 
readily  believe,  when  we  learn  that  some  of  the  most  fertile  districts, 
could  neither  be  cultivated  nor  inhabited  without  them.  Not  less  than 
fifty  thousand  wells  were  counted  in  one  district  of  Hi ndostan,  when  taken 
possession  of  by  the  British ;  several  of  which  are  of  very  high  antiquity. 
In  China,  wells  are  numerous,  and  often  of  large  dimensions,  and  even 
lined  with  marble.  In  P<!kin  they  are  very  common,  some  of  the  deepest 
wells  of  the  world  are  in  this  country,  ^l.  Arago,  (in  his  Essay  on  Arte- 
sian Wells,)  observes  that  the  Chinese  have  sunk  them  to  the  enormous 
depth  of  eighteen  hundred  feet !  **  Dig  a  well  before  you  are  thirsty,"  is 
one  of  their  ancient  proverbs.  The  scarcity  of  water  over  all  Persia  has 
been  noticed  by  every  traveler  in  that  country.  In  general  the  inhabi- 
tants depend  entirely  on  wells,  the  water  of  which  is  commonly  bad. 
Fryer,  xxxv,  67. 

To  provide  water  for  the  thirsty  has  always  been  esteemed  in  the  east, 
one  of  the  most  excellent  of  moral  duties,  hence  benevolent  princes  and  rich 
men,  have,  from  the  remotest  ages,  consecrated  a  portion  of  their  wealth 
to  the  construction  of  wells,  tanks,  fountains,  &c.  for  public  use.  It  is  re- 
corded as  one  of  the  glories  of  Uzziah's  reign,  that  he  "digged  many 
wells."  Over  all  Persia,  there  are  numerous  cisterns  built  for  public  use 
by  the  rich.  Fryer,  225.  "Another  work  of  charity  among  the  H.indoos" 
ODserves  Mr.  Ward,  "  is  the  digging  of  pools,  to  supply  the  thirsty  traveler 
with  water.  The  cutting  of  these,  and  building  flights  of  steps,  in  order  to 
descend  into  them,  is  in  many  cases  very  expensive;  4,000  rupees,  (2.000 
dollars,)  are  frequently  expended  on  one."  At  the  ceremony  of  setting  it 
apart  for  public  use,  a  Brahmin,  in  the  name  of  the  donor,  exclaims.  "  I 
offer  this  pond  of  water  to  quench  the  tliirst  of  mankind,"  after  which  the 
owner  cannot  appropriate  it  to  his  own  use.     HisL  Hindoos,  374. 

Ferose,  one  ot  the  monarchs  of  India,  in  the  fourteenth  century,  *'  built 
fifty  sluices"  (to  irri^te  the  land,)  and  "  one  hundred  and  fifty  wells." 
One  of  the  objects,  which  the  fakirs,  or  mendicant  philosophers  of  India, 
have  frequently  in  view,  in  collecting  alms,  is  to  '  dig  a  well,'  and  thereby 
atone  for  some  particular  sin.  Other  devotees  stand  in  the  roads  witn 
vessels  of  water,  and  give  drink  to  thirsty  travelers  from  the  same  motives. 
Amon^  the  supposed  causes  of  Job's  affliction,  adduced  by  Eliphaz,  was, 
"thou  hast  not  given  water  to  the  weary  to  drink,"  xxii,  7:  a  most  hor- 
rible accusation  in  such  a  country  as  Syria,  and  one  which  that  righteous 
man  denied  with  the  awful  imprecation,  "  then  let  mine  arm  fall  from  my 
jhoulder  blade,  and  mine  arm  be  broken  from  the  bone."  xxxi,  22 

"  The  sun  was  setting,"  says  Mr.  Emerson,  "  as  we  descended  the  last 
chain,  and  with  the  departure  of  daylight,  our  tortures  commenced,  as  it 
was  too  dark  to  see  any  of  the  fountains  charitably  erected  by  the  Turks 
near  the  road."^  Large  legacies  are  sometimes  left  by  pious  Turks  for  the 
»   ■        ■  -  * 
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erection  of  fountains,  who  believe  they  can  do  no  act  more  acceptable  to 
Grod.^  Tliis  mode  of  expending  their  wealth,  at  the  same  time  that  it 
conferred  real  and  lasting  benefits  on  the  public,  was  the  surest  way  of 
transmitting  to  posterity  ^e  names  of  the  donors.  The  pools  of  Solomon, 
might  have  preserved  his  name  from  oblivion  had  nothing  else  respectina 
him  'been  known.  These  noble  structures,  in  a  land  where  every  other  work 
of  art  has  been  hurraed  to  destruction,  remain  almost  as  perfect  as  when 
they  were  constructed,  and  Jerusalem  is  still  supplied  with  water  from 
them,  by  an  earthen  pipe  about  ten  inches  in  diameter.  "  These  reser- 
voirs are  really  worthy  of  Solomon ;  I  had  formed  no  conception  of  their 
magnificence ;  they  are  three  in  number,  the  smallest  between  four,  and 
five  hundred  feet  in  length."  The  waters  are  discharged  from  one  intc 
another,  and  conveyed  from  the  lowest  to  the  city.  "  I  descended  into 
the  third  and  largest ;  it  is  lined  with  plaister  like  the  Indian  chunan,  and 
hanging  terraces  run  all  round  it"     Lindsay's  Trav.  Let.  9. 

According  to  the  moral  doctrines  of  the  Chinese,  "to  repair  a  road, 
make  a  bridge,  or  dig  a  well,"  will  atone  for  many  sins.  Davis'  China, 
ii,  89.  The  Hindoos,  says  Sonnerat,' believe  the  di^^ng  of  tanks  on  the 
highways,  renders  the  gods  propitious  to  them ;  and  he  adds,  "  Is  not  this 
the  best  manner  of  honoring  the  deity,  as  it  contributes  to  the  natural 
good  of  his  creatures  1"  Vol.  i,  94. 

SUTFERINOS  OF  TRAVELERS  FROM  THIRST 

The  extreme  sufferings  which  orientals  have  been,  and  are  still  called  to 
endure  from  the  want  of  wat?r,have  been  noticed  by  all  modem  travelers, 
from  Rubriques  and  Marco  Paulo,  to  Burckhardt  and  Niebuhr.  Wells  in 
some  routes,  are  a  hundred  miles  apart,  and  are  sometimes  found  empty ; 
hence  travelers  have  often  been  obliged  to  slay  their  camels  for  the  wa- 
ter these  animals  retain  in  their  stomachs,  heo  AfricantA  noticed  two 
marble  monuments  in  his  travels ;  upon  one  of  whion  wae  an  epitaph, 
recording  the  manner  in  which  those  who  slept  beneath  them  had  met 
their  doom.  One  was  a  rich  merchant,  the  other  a  water  carrier,  who 
furnished  caravans  with  water  and  provisions.  On  reaching  this  spot, 
scorched  by  the  sun  and  their  entrails  tortured  by  the  most  excruciating 
thirst;  there  remained  but  a  small  quantity  of  water  between  them.  The 
rich  man,  whose  thirst  now  made  him  regard  his  gold  as  dirt,  purchased  a 
single  cup  of  it  for  ten  thousand  ducats ;  but  that  which  possibly  might 
have  been  sufficient  to  save  the  life  of  one  of  them,  being  divided  be- 
tween both,  served  only  to  prolong  their  sufferings  for  a  moment,  and  they 
both  sunk  into  that  sleep  from  which  there  is  no  waking  upon  earth. 
Lives  of  Travelers,  by  St.  John. 

Mr.  Bruce,  when  in  Abyssinia,  obtained  water  from  the  stomachs  of 
camels,  which  his  companions  slew  for  that  purpose  Sometimes  the 
mouths  and  tonnes  of  travelers,  from  want  of  this  precious  liquid,  be* 
come  dry  and  hard  like  those  of  parrots ;  but  these  are  not  the  only 
people  who  suffer  from  thirst.  During  the  long  continuance  of  a  drought 
which  prevailed  over  all  Judea  in  Ahab's  reign,  every  class  of  people 
sufTered.  1  Kings,  xvii  and  xviii.  And  such  droughts  are  not  uncom- 
mon. "  The  poor  and  needy  seek  water,  and  there  is  none,  and  their 
tongue  faileth  for  thirst,"  (Isa.  xli,  17,)  in  modem  times  as  w)ien  the  pro- 
phet wrc'te,  and  not  the  poor  alone,  for  **  the  honorable  men  are  famish- 
ed/' and,  as  well  as  the  multitude,  are  **  dried  up  with  thirst"  Isa.  v,  13 

■Com  Porter*!  Letters  from  Constantinople,  i,  101. 
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Mechanics  in  cities  were  not  exempt.  '*  The  smith  with  the  tongs,  both 
worketh  in  the  coals  and  faahionetli  it  with  hanmiers,  and  worketh  it  with 
Ihe  strength  of  his  arms,  is. hungry  and  his  strength  faileth,  he  drinkeihna 
footer  and  is/aint"     Isa.  xliv,  12. 

Dr.  Ryers,  who  lived  in  the  city  of  Gombroon,  on  the  Persian  Gulf, 
when  describing  the  heat  of  the  climate  and  the  deficiency  and  bad  quality 
of  the  water,  observes  that  the  heat  nuido  "  the  mountains  gape,  the  rocks 
cleft  in  sunder,  the  waters  stagnate,  to  which  the  birds  with  hanging 
wings  repair  to  quench  their  tltirst ;  for  want  of  which  the  herds  do  low, 
the  camels  cry,  the  barren  earth  opens  wide  for  drink ;  and  all  things  ap  - 
pear  calamitous  for  want  of  kindly  moisture ;  in  lieu  of  which  hot  blasts 
of  wind  and  showers  of  sand  infest  the  purer  air,  and  drive  not  only  us, 
but  birds  and  beasts  to  seek  remote  dwellings,  or  else  to  perish  here ;"  and 
after  removing  to  a  village  some  miles  distant,  "  for  the  sake  of  water/' 
by  a  metaphor,  that  will  appear  to  some  persons  as  bordering  on  bias* 
phemy,  he  says,  "  it  was  as  welcome  to  our  parched  throats,  as  a  drop  o^ 
that  cool  liqmd,  to  the  importunate  Dives"  Fryer,  p.  418.  Under  similar 
circumstances,  the  Hindoos,  night  and  day  run  through  the  streets,  carry* 
vig  boards  with  earth  on  their  heads,  and  loudly  repeating  after  the  Brah* 
4nms,  a  prayer,  signifying  "  God  give  us  water."  Even  in  Greece  and 
Rome,  where  water  was  in  comparative  abundance,  agncultural  laborers 
considered  the  Frog  an  object  of  envy,  inasmuch  as  it  had  always 
enough  to  drink  in  the  most  sultry  weather.  Lard.  Arts  Greeks  and  Rom. 
Vol.  li,  20.  The  ignorant,  and  clamorous  Israelites,  enraged  with  thirst, 
abused  Moses,  and  were  ready  to  stcnf»  ^dm,  because  they  had  no  water. 

One  ot  the  most/ippalling  facts  that  is  recorded  of  sunt'ring  from  thirst 
occurred  in  1806.  A  caravan  proceeding  from  Timboctoo  to  Talifet,  was 
disappointed  in  not  finding  water  at  the  usual  watering  places ;  when, 
horrible  to  relate,  all  the  persons  belonging  to  it,  two  thousand  in  number, 
.  besides  eighteen  hundred  cameh,  perifhea  hy  thirst  I  OccurreTices  like 
this,  account  for  the  vast  quantities  of  human  and  other  bones,  which  are 
found  heaped  together  in  various  parts  of  the  desert.  Wonders  of  the 
World,  p.  24-C.  While  the  crusaders  besieged  Jerusalem,  great  numbers 
perished  of  thirst,  for  the  Turks  had  filled  the  wells  in  the  vicinity.  Me- 
morials of  their  sufferings  may  vet  be  found  in  the  heraldic  bearings  of  their 
descendants.  The  charge  of  a  K>raging  par^  *  for  water,'  we  are  told,  "  was 
an  office  of  distinction  ;"  hence,  some  of  the  commanders' on  these  occa- 
sions, subsequently  adopted  water  Jmckets  in  their  coats  of  arms,  as  em- 
blems of  their  labors  in  Palestine.  '  Water  B'^ugettes.'  forme  1  part  of 
the  arms  of  Sir  Humphrey  liouchier,  who  was  slain  at  tue  battle  of  Bar* 
net,  in  1471.     Moules'  Ant.  of  Westr  linster  Abbey. 
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CHAPTER    V. 

BdI^I  »r  Wblu  ooBtiivad— Wttilt  wonliipp«d— Rir«r  GmfM>  Sacwd  well  at  B«iiarM— OiUi  ta- 
k«i  at  Wdls— Tradition  of  the  Rabbina-Altan  ereetad  aear  thenft— lavokad-Ceramonias  with  Ngariito 
watar  tai  Egypt,  Graaca,  Para,  Mauco,  Roma,  and  Judaa — ^Tamplaa  aracted  o? ar  w«lb-~Tfaa  foaotaM 
of  Apollo— Wall  Zaa  Zam— Prophat  Joal — Taapla  of  laia — Mahommadaa  Motquea — Hindoo  tamplaa* 
-~Wodaa's  wall — WaUa  in  Chiuaae  tamplaa — Pliny-'-Calu  --Gaala — Modera  auparktitiona  with  ngvi 
Co  watar  aod  waUa~*-HiBdocM— Alf  arinaa— Nlnavah— Graaka— Tomba  of  sainta  naar  walla~>8Dpenti> 
tiona  of  the  Paniana-~Anfk>  Saxona— Hindooa — Scotch — ^EofUah — St.  Ganaviava'a  wall— St.  Wioi- 
flrad'a  wall — Houaa  and  wall  *  warainf  .' 

In  tl^e  early  ages  water  was  reverenced  as  the  substance  of  whicli  all 
things  in  the  universe  were  supposed  to  be  made,  and  the  vivifying  prin- 
ciple that  animated  the  whole ;  hence,  rivers,  fountains,  and  wells,  were 
worshipped  and  religious  feasts  and  ceremonies  instituted  in  honor  of 
them,  or  of  the  spirits  which  were  believed  to  preside  over  them.  Al- 
most all  nations  retain  relics  of  this  superstition,  while  in  some  it  is  practi- 
sed to  a  lamentable  extent.  Asia  exhibits  the  humiliating  spectacle  of 
millions  of  her  people  degraded  by  it,  as  in  former  ages.  Shoals  of  pil- 
grims are  constantly  in  motion  over  all  Hindoston,  on  their  way  to  the 
*  sacred  Granges ;'  their  tracks  stained  with  the  blood  and  covered  with 
the  bones  of  thousands  that  perish  on  the  road.  With  these  people,  it  is 
deemed  a  virtue  even  to  think  of  this  river ;  while  to  bathe  in  its  waters 
washes  away  all  sin,  and  to  expire  on  its  brink,  or  be  suffocated  in  it,  is 
the  climax  of  human  felici^.  The  holyaWELL  in  the  city  of  Benares  is 
visited  by  devotees  from  aU  parts  of  India ;  to  it  they  offer  rice,  &c.  as  to 
their  idols. 

From  this  sacred  character  of  water,  it  very  early  became  a  custom,  in 
order  to  render  obligations  inviolable,  to  take  oaths,  conclude  treaties, 
make  bargains,  &;c.  at  wells.  We  learn  that  when  Jacob  was  on  his  way 
to  Egypt,  he  came  to  the  "  well  of  the  oath,"  and  offered  sacrifices  to  God 
Josephus,  Ant.  ii,  7.  At  the  same  well,  his  grandfather  Abraham  conclu- 
ded a  treaty  with  Abimelech,  which  was  accompanied  with  ceremonies 
and  oaths.  Gen.  xxi.  At  the  celebi-ated  Puteal  Ldbanis,  at  Rome,  oaths 
were  publicly  administered  every  morning;  a  representation  of  this  well 
is  on  tne  reverse  of  a  medal  of  Libo.  Encyc.  Ant.  412.  It  was  believed 
that  the  *'  oaths  of  the  Gods"  was  also  by  water.  Univer.  His.  Vol.  iv, 
17.  .The  Rabbins  have  a  tradition  that  their  kings  were  always  anoint- 
ed by  the  side  of  a  fountain.  Solomon  was  carried  by  order  of  David  to 
the  'fountain  of  Gihon,'  and  there  proclaimed  king.     Joseph.  Ant.  vii,  14. 

The  ancient  Cathites,  says  Mr.  Bryant,  and  the  Fersians  after  them,  had 
a  great  veneration  for  fountains  and  streams.  Altars  were  erected  in 
the  vicinity  of  wells  and  fountains,  and  religious  'ceremonies  performed 
•round  them.     Thus  Ulysses  : 

BMide  a  fonntain's  aaered  brink,  we  raised 

Out  Terdaat  altars,  and  the  victiins  blazed.  lUad  ii,  968. 

"Wherever  a  spring  rises,  or  a  river  flows,"  says  Seneca,  "there  wo 
Mhould  build  altars  and  offer  sacrifices,"  and  a  thousand  years  before  Se- 
noca  lived,  the  author  r>f  the  68th  Psalm  spoke  of  worshipping  Gt>d  from 
the  "  fountains  of  L»raeL"     The  Syracusans  held  great  festivals  every 
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year  at  the  fountaiDS  of  Aretniisa,  and  they  sacrificed  black  bulls  to  Pluto 
at  the  fountain  of  Cyane.  Wells  were  sometimes  de<licated  to  particular 
deities,  as  the  oracular  fountain  mentioned  by  Pausanias,  near  the  sea  at 
Patra,  which  still  remains  nearly  as  he  descnbed  it ;  and  having  been  re- 
dedicated  to  a  christian  saint,  "  is  still  a  sacred  vtell."  Dirinatio^  by 
water,  was  practised  at  this  well.  A  mirror  was  suspended  by  a  threao. 
havmg  its  polished  surface  upwards,  and  while  floating  on  the  wuter, 
presages  were  drawn  from  the  images  reflected. 

Poi^nices,  in  CEdipus  Coloneus,  swears  '*  by  our  native  fountains  and 
oiir  kindred  gods."  Antigox<»,  'vLpt  *1  aiti  t  be  sacrificed,  appra^s  to  th<!» 
**  fountains  of  Dirce,  and  the  grove  of  Thebe."  Ajax  before  he  ^lev/ 
himself,  called  on  the  sun,  the  soil  of  Salamis,  and  "ye  fountains  and 
rvers  here."     Trag.  of  Sophocles  lit  trans.  1837. 

"  At  Peneufl'  fount  Aristeiu  stood  and  bowed  with  woe, 

Breathed  his  deep  marman  to  the  nymph  below :        Q90fgk$  L,  iv,  365. 

Cyrene !  thou  whom  these  fair  springs  reTere/' 

The  fountain  of  Aponeus,  (now  Albano)  the  birth  place  of  Livy,  was 
an  oracular  one.  THat  of  Pirene  at  Corinth,  was  sacred  to  the  muses. 
Eneas  invoked  **  living  fountains"  among  other  "  Ethereal  Grods."  And 
old  Latinus 

"  Sought  the  shades  renowned  ibr  prophecy. 

Which  near  Albuneas'  salphnreous  fountam  lie."  En.  vii,  124. 

Cicero  says,  the  Roman  priests  and  augurs,  in  their  prayers,  called  on 
the  na:nes  of  rivers,  brooks,  and  springs. 

Vessels  of  water  were  carried  by  the  Egyptian  priests  in  their  sacred 
processions,  to  denote  the  great  blessings  derived  from  it,  and  that  it  was 
the  beginning  of  all  things.  Vitruvius  says  they  were  accustomed  to 
place  a  vase  of  it  in  their  temples  with  great  devotion,  and  prostrating 
themselves  on  the  earth,  returned  thanks  to  the  divine  goodness  for  its  pro- 
tection. Book  viii,  Pi*oem.  In  the  celebration  of  the  Eleusinian  myste- 
ries, those  who  entered  the  temple,  washed  their  hands  in  holy  water,  and 
on  the  ninth  and  last  day  of  the  festival,  vessels  of  water  were  oflered 
with  great  ceremonies,  and  accompanied  with  mystical  expressions  to  the 
Gods.  Those  who  were  initiated  were  prohibited  from  ever  sitting  on 
the  cover  of  a  well.  Sojourners  among  the  Grreeks  carried  in  the  religious 
processions,  small  vessels  formed  in  the  shape  of  boats ;  and  their  daugh- 
ters water  pots  with  umbrellas.  Rob.  Ant.  Greece.  Plutarch  says, 
^* fishes  were  not  eaten  of  old,  from  reverence  of  springs." 

Among  the  ancient  Peruvians,  certain  Indians  were  appointed  to  sacri- 
fice ''to  lountains,  springs,  and  rivers."  Pur.  Pil.  1076.  Holy  water  was 
placed  near  the  altars  of  the  Mexicans.  Ibid,  987.  Tlaloc  was  their  God 
of  water;  on  fulfilling  particular  vows  they  bathed  in  the  sacred  pond 
Tezcapan.  The  water  of  the  fountain  Toxpalatl  was  drank  only  at  the 
most  solemn  feasts:  no  one  was  allowed  to  taste  it  at  any  other  time.  Cla* 
vigero,  Lon.  17S6,  vol.  i,  251  and  265.  The  FtnUinaiia  of  the  Romans, 
were  religious  festivals,  held  in  October,  in  honor  of  the  Nymphs  of  wells 
and  fountains ;  part  of  the  ceremonies  consisted  in  throwing  nosegays  into 
fountains,  and  decorating  the  curbs  of  wells  with  wreaths  of  flowers. 

The  Jews  had  a  religious  festival  in  connection  with  water,  the  origin 
of  which  is  not  clearly  ascertained.  It .  was  kept  on  the  last  day  of  the 
feast  of  tabernacles,  when  they  drew  water  witn  ffreat  ceremony  from 
the  pool  of  Siloah  and  conveyed  it  to  the  temple.*    It  is  supposed,  the  Sa- 

•Uni.  Hirit.  i,  607. 
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vior  alluded  to  dM.  practice,  when  on  ''  the  last  day,  that  great  daj  of  tlie 
feast,  he  stood  and  cried,  saying,  if  any  man  thirst,  let  him  come  unto  ine, 
and  drink.  He  that  believetk  on  me,  as  the  scripture  hath  said,  out  of  his 
belly  shall  flow  rivers  of  living  waters."  John,  vii,  37.  One  of  the  Hve 
solemn  festivals  of  the  people  of  Pegu,  is  '  the  feast  of  water,'  during 
which,  '  the  king,  nobles  and  all  the  people  throw  water  upon  one  another.' 
Ovington's  Yoy .  to  Surat.  1689. 597.  The  superstitious  veneration  for  wells, 
induced  the  ancients  to  erect  temples  near,  and  sometimes  over  them ;  as 
the  fountain  of 'Apollo,  near  the  temple  of  Jupiter  Ammon;  the  well 
2^mzem  in  the  temple  of  Mecca,  &c.  In  accordance  with  this  prevailing 
custom,  we  find  the  prophet  Joel  speaks  of  a  fountain  which  should  come 
forth  out  of  the  lunue  of  the  Lord,  and  water  the  valley,  iii,  18.  Ai^d 
when  Jeroboam  built  a  temple,  that  the  ten  tribes  mi^hl  not  be  obliged  to 
go  to  Jerusalem  to  worship,  and  there  be  seduced  from  him,  Josephus 
tells  us,  that  he  built  it  by  the  fountains  of  the  lesser  Jordan.  Antiq.  viii, 
cap.  8.  In  the  temple  of  Isis,  at  PoiLpeii,  the  '  sacred  well'  has  been 
found.  Pompeii,  i,  277,  279.  * 

The  ancient  custom  of  enclosing  wells  in  religious  edifices  was  adopted 
by  both  Christians  and  Mahommedans.     Among  the  latter  it  is  still  con 
tinned,  and  it  is  not  altogether  abandoned  by  the  former. 

"  This  afternoon,"  says  Fryer,  speaking  of  one  of  the  mosques  in  India, 
**  their  umctutn  tanctorutn  was  open,  the  priest  entering  in  barefoot,  and 
prostrating  himself  on  one  of  the  mats  spread  on  the  floor,  whither  I  must 
not  have  gone,  could  his  authority  have  kept  me  out.  The  walls  were 
white  and  clean  but  plain,  only  the  commandments  wrote  in  Arabic  at  the 
west  end,  were  hung  over  a  table  in  an  arched  place,  where  the  priest  ex- 
pounds, on  an  ascent  of  seven  steps,  railed  at  top  with  stone  very  hand- 
somely. Underneath  are  fine  cool  vaults,  and  stone  stairs  to  descend  to  a 
deep  tank" 

As  it  was  formerly  death  to  a  christian  who  entered  a  mosque,  we  shall 
add  a  more  recent  mstance.  In  1831,  Mr.  St.  John  dis^ised  himself, 
like  Burckhardt,  in  the  costume  of  a  native,  and  visited  the  mosques  of 
Cairo.  In  that  of  Sultan  Hassan,  he  observes,  "  ascending  a  long  flight 
of  steps,  and  passing  under  a  magnificent  doorway,  we  entered  the  vesti* 
bule,  and  proceeded  towards  the  most  sacred  portion  of  the  edifice,  where, 
on  stepping  over  a  small  railing,  it  was  necessary  to  take  oiTour  babooshes, 
or  red  Turkish  shoes.  Here  we  beheld  a  spacious  square  court,  paved 
with  marble  of  various  colors,  fancifully  arranged,  with  a  beautiiul  oc- 
tagonal marble  fowfUain  in  the  centre."  Egypt  and  Mohammed  Ali,  ii,  338. 
It  is  the  same  in  Persia.  Tavern.  Trav.  Lon.  1678.  29.  The  temples 
of  India  says  Sonnerat,  have  a  sacred  tank,  deified  by  the  Brahmins 
The  figui*es  of  gods  are  sometimes  thrown  '  into  a  tank  or  well.'  Voy.  i, 
111,  132.  In  old  times,  churches  were  removed  from  other  buildmgs, 
and  were  surrounded  with  courts,  in  the  centre  of  which  there  were 
fountains,  where  people  washed  before  going  to  prayers.  Moreri  Die.  In 
one  of  the  old  churches  at  Upsal,  is  an  ancient  well,  that  had  formerly 
been  famous  'for  its  miraculous  cures.'  Woden's  well  is  still  shown 
in  the  same  city.  It  was  in  the  vicinity  of  the  old  temple  of  that  great 
northern  deity.  De  la  Mortraye's  Trav.  ii,  262.  Van  Braam  noticed  a 
well  in  one  of  the  large  temples  of  China.  Joum.  ii,  224.  '  Sacred 
springs,'  are  mentioned  by  Juvenal.  3  Sat.  30.  Pliny  speaks  of  fountains 
and  wells  of  water  as  very  '  wholesome  and  proper  for  the  cure  of  many 
diseases ;'  to  which,  he  says,  there  is  ascribed  some  divine  power,  inso* 
much  that  they  give  names  to  sur  -Iry  gods  and  goddesses,  x  xxi,  2.  The 
Ceita  venerated  lakes,  rivers,  and   buntains,  into  which  they  threw  gold 
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The  Biitons  and  Picts  did  the  same.  Scot  Gael,  258.  MeSeray,  in  hie 
History  of  France,  when  speaking  of  the  church  in  the  third  and  fourtn 
centuries,  remarks,  *  Hitherto  very  few  of  the  French  had  received  the 
light  of  the  gospel ;  they  yet  adored  trees, yZwntotiw,  serpents,  and  birds/ 
i«  4.  In  the  eighth  century,  the  council  of  Soissons  condemned  a  heretic, 
who  built  oratones  and  set  up  crossies  near  fountains,  &c.   lb.  .113. 

Ancient  superstitions  with  regard  to  water  are  still  practised  more  or 
less  over  a  e^reat  part  of  the  world.  At  the  first  new  moon  in  October, 
the  Hindoos  hold  a  great  celebration  to  their  Deities.  ''  The  next  moon, 
their  women  flock  to  the  tacred  wells,**  Fryer,  110.  Many  of  the  cere- 
monies performed  in  old  times  by  women  in  honor  of  wells  and  fountains » 
are  yet  practised  in  wjne  of  the  Grecian  islands.  There  the  females  still 
dance  round  the  wells,  the  ancient  CaUichcnts,  accompanied  with  songs  in 
honor  of  Ceres.  Dr.  Clarke,  **  I  have  just  returned  this  morning,*'  (says  Mr. 
Campbell  in  his  Letters  from  the  South,  Phila.  Ed.  1836, 102^)  "from  wit- 
nessing a  superstitious  ceremony,  which,  tl^ngh  unwarranted  by  the  Ko* 
ran,  is  practised  by  all  Mahometans  here,  [Algiers]  black,  brown,  and 
white,  nay  by  the  Jews  also.  It  consists  in  sacrificing  the  life  of  some 
eatable  animal  to  one  of  the  devils  who  inhabit  certain  fountains  near  Al- 

S'ers.  The  victims  were  fowls,  they  were  dipped  in  the  sacred  sea,  as 
omer  calls  it,  after  which  the  hi^h  priest  took  them  to  a  neighboring 
fountain,  and  having  waved  his  knife  thrice  around  the  head  of  an  old  wo- 
man, who  sat  squatting  beside  it,  cut  their  throats,"  &c. 

The  custom  was  probably  a  common  one  in  ancient  Nineveh ;  for  ohca 
a  year  the  peasants  assemble  and  sacrifice  a  sheep  at  Thisbe's  well,  M^itk 
music  and  other  festivities.  The  Greeks  are  so  much  attached  to  grolio«)8 
and  wells,  that  **  tkere  is  scarcely  one  in  all  Greece  and  the  islands,  which 
is  not  consecrated  to  the  Virgin,  who  seems  to  have  succeeded  the  ancient 
nymphs  in  the  guardianship  of  these  places.* 

The  supposed  sanctity  of  wells  also  led  to  the  custom  of  interring  the 
bodies  of  saints  or  holy  persons  near  them  ;  thus  in  all  parts  of  Egypt, 
the  tombs  of  saints  are  found  in  the  vicinity  of  those  places,  '*  where  tne 
wandering  dervishes  stop  to  pray,  and  less  pious  travelers  to  quench  their 
thirst."  Some,  says  Fryer,  are  buried  wiui ''  their  heels  upwards,  like 
Diogenes." 

Worship  of  wells,  like  many  other  superstitions  of  Pagan  origin,  was 
early  incorporated  with  the  ceremonies  of  the  christian  church,  and  carried 
to  an  idolatrous  excess.  A  schism  took  place  in  Persia  among  the  Arme- 
nians, in  the  tenth  century ;  one  party  was  accused  of  '  despising  the  holy 
well  o£  Vagarsciebat.'  In  Euh>pe  it  was  at  one  time  universal.  In  En- 
gland,  in  the  reiCTs  of  Canute  and  Edgar,  edicts  were  issued  prohibiting 
well  worship.  .  VVTien  Hereward  the  Saxon  hero,  held  the  marshes  of 
Ely  against  the  Norman  conqueror,  he  said  he  heard  his  hostess  conversing 
with  a  witch  at  midnight!  he  arose  silently  from  his  bed,  and  followed 
them  into  the  garden,  to  a  *  fountain  of  water,'  and  there  he  '  heard  them 
holding  converse  with  the  spirit  of  the  fountain.'  From  a  collection  of 
Anglo  Saxon  remains,  the  following  example  is  taken.  *'  If  any  one  ob- 
serve lots  or  divinations,  or  ke^ p  his  wake,  [watch]  at  any  toells,  or  at 
any  other  created  things,  except  at  God's  church,  let  him  fast  three  years : 
the  first  one  on  bread  and  water,"  &c.  In  a  Saxon  homily  against  witoh- 
craA;  and  magic,  in  the  library  of  the  University  of  Cambridge,  it  is  said, 
"  some  men  are  so  blind,  that  they  brin^  their  offerings  to  immovable  rocks, 
and  also  to  ^eM  and  to  tDdls,  as  witches  do  teach."    ''The  Hindoos  siill  wor* 


•Bioh's  Nar.  ef  a  Residenoe  in  Koordistaa.  U,  42.    ^  Foreign  Quarterly.  July,  183& 
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■hip  stoneS;  trees,  and  water,  and  make  offerings  to  them.*    In  a  manu- 

■cnpt  written  in  the  early  part  of  the  fifteenth  century,  there  is  a  humor* 

ous  song,  in  which  there  is  an  allusion  to  this  superstition.     Tt  begins  thus : 

'  The  last  tyme  I  the  ted  woke 
Sir  John  c^ht  me  with  •  croke, 
He  made  me  swere  be  bel  and  boke 
I  shnid  not  tel.' 

Eren  so  late  as  the  seventeenth  century,  people  in  Scotland  were  in  tho 
habit  of  visiting  wells,  at  which  they  performed  numerous  acts  of  super- 
^stition.  Shaw,  in  his  History  of  the  Province  of  Moray,  says  that  'heathen 
customs  were  much  practised  among  the  people,'  and  among  them,  he  in- 
stances t^eir  '  performing  pilgrimajges  to  wells,'  andt '  building  chapels  to 
fountains.'^  At  the  present  time  in  some  parts  of  England,  remains  of 
well  worship  are  preserved,  in  the  custom  of  performing  annual  proces- 
sions to  them,  decorating  them  with  wreaths  and  chaplets  of  nowers, 
singing  of  hymns,  and  even  reading  a  portion  of  the  gospel  as  part  of  the 
ceremonies. 

These  same  customs  gave  rise  to  the  numerous  holy  wells,  which  for 
merly  abounded  throughout  the  old  world,  and  the  memory  of  many  of 
which  is  still  preserved  in  names  of  towns.  In  the  church  of  Nanterre^ 
near  Paris,  the  birth  place  of  Saint  Genevieve,  is  a  well,  by  the  water  of 
"which,  this  patroness  of  the  Parisians  miraculously  restored  her  blind 
mother  and  many  others  to  sight !  Breval's  Eu.  307.  Saint  Winifred's 
well  in  Flintshire,  Eng.  from  its  sacred  character  gave  name  to  the  town 
of  Holywell.  Mr.  Pennant  says,  the  custom  of  visiting  this  well  in  pil- 
ginmage,  and  offering  up  devotions  there,  was  not  in  his  time  entirely  laid 
aside :  ''  in  the  summer,  .a  few  are  to  be  seen  in  tlie  water,  in  deep  devo- 
tion up  to  their  chin  for  hours,  sending  up  their  prayers,  or  performing  a 
number  of  evolutions  round  the  polygonal  well."  Even  so  late  as  1804, 
a  Roman  catholic  bishop  of  Wolverhampton,  took  much  pains  to  persuade 
the  world,  that  an  ignorant  proselyte  of  his,  named  Winifred  White  was 
miraculously  cured  at  this  well  of  various  chronic  diseases  ! 

The  custom  of  '  house-warming'  is  very  ancient ;  the  same  cerenumieif 
were  formerly  performed  on  the  completion  of  new  wells. 


CHAPTER    VI. 


Welb  eontinood:  Depth  ofuicieiit  welb— In  fliiidnaHii  »Well  of  Tyr»— Oarthageniui  wslb— W«J» 
la  Gtroeee,  H«renluieiiBi  and  PompeU— Wella  without  cvrbt— Ancient  lawi  to  prevent  aoeidenta  tnm 
peceons  and  aninuls  falling  into  them— Safadty  and  roTenge  of  an  elephant^Hyiaa — ^Archelaaa 
of  Maoedon— Thraeinn  soldier  and  a  lady  at  Thebee— Wooden  eoven— Wella  in  Judea— Reaaona  Ibr 
aot  pfaieinf  cmrfae  round  wella— Scythtaha  Arabe—AqniHue— Abraham — ^Hezekiab — DaTld— HarAo- 
■ina  Moeea  and  the  people  of  Edom  Burckhardt  in  Petr»— Woiftan  of  Bahurim — Persian  tradition—' 
AH,  the  fourth  Caliph— Corerinf  wella  with  large  stonea— Mahommedan  tradition— Themittoclea—Edicti 
ol  Greek  emperora— WeU  at  HeliopoUe  lavenal  Woman  and  Grecian  curbs  of  narblo— Ciqpitnis  of 
aacUnt  eduauis  eooverted  into  curbs  for  weUSi 

« 

A  knowledge  of  the  depth  and  other  circumstances,  reladng  to  some 
ancient  wells,  is  necessary  to  a  due  investi^tion  of  the  various  methods 
of  raising  water  from  them.  We  cannot  indeed  form  a  correct  judgment 
of  the  latter,  without  some  acquaintance  with  the  former. 

■■  ■    I      I    —      I   ■    I      .  -   I. I  I  I  .  »^-— .  I  — M^ 
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The  wells  of  Asia  are  generally  of  great  depth,  and  cf  course  were 
ao  in  former  times.  In  Guzzerat,  they  are  from  eighty  to  a  hundred  feet; 
in  the  adjoining  province  of  Mulwah,  they  are  frequently  three  hundred 
feeL  In  Aimeer,  they  are  from  one  to  two  hundred  feet.  Mr.  Elphm- 
stone  in  his  mission  to  Cabaul  observes,  '  the  wells  are  often  three  hun 
dred  feet  deep ;  one  was  three  hundred  and  forty  five ;'  and  with  this 
enormous  depth,  some  are  only  three  feet  in  diameter.  The  famous  well 
of  ancient  Tyre,  *  whose  merchants  were  princes,  and  whose  traffickers 
were  the  honorable  of  the  earth,'  is,  according  to  some  travelers,  without 
a  bottom  ;  but  La  Roque,  is  said  by  Volney,  to  have  found  it  at  the  depth 
of  'six  and  thirty  fathom.' 

Shalmanezer  besieged  this  city  of  mechanics  for  five  years,  without 
being  able  to  take  it ;  at  last  he  cut  off  the  waters  of  this  well,  when  the 
inhabitants  dug  others  within  the  city ;  after  which  they  held  but  against 
Nebuchadnezzar,  and  the  whole  power  of  the  Babylonian  empire  fo 
fMrteen  years ;  being  the  longest  siege  on  record,  except  that  of  Ashdod 
Jos.  Antiq.  ix,  14.  Ancient  Carthagenian  wells  of  great  depth  have  been 
already  mentioned.  Dr.  Shaw  (Trav.  135,)  observes  of  a  tribe  of  the  Ka- 
byles,  '  their  country  is  very  dry,  they  have  no  fountains  or  rivulets,  and 
in  order  to  obtain  water,  they  dig  wells  '  to  the  depth  of  from  one  to  two 
hundred  fathom.'  Jacob's  well  is  a  hundred  and  nine  feet,  and  Joseph's 
well  at  Cairo,  near  three  hundred  feet  deep.  The  well  Zemzem  at  Mecca, 
is  two  hundred  and  ten  feet.  '  Exceeding  deep  wells'  in  Surety  are  men* 
tioned  by  Toreen,  in  Osbeck's  Voyage  to  China.  That  the  wells  of  Attica 
were  generally  deep,  is  obvious  from  a  provisiou  in  Solon's  law  respecting 
them,  by  which  a  person,  after  digging  to  the  depth  of  sixty  feet  without 
obtaining  water,  was  allowed  to  nil  a  six  gallon  vessel  twice  a  day  at  hi« 
neighbor's  well.  The  frequency  of  not  meeting  with  water  at  that  depth, 
evidently  gave  rise  to  this  provision.*  The  wells  of  Herculaneum  and 
Pompeii,  were  probably  all  of  considerable  depth,  if  we  judge  from  those 
that  have  been  discovered. 


WBLL8   WITHOUT   CURB8. 

Another  feature  in  ancient — particularly  Asiatic — swells,  was,  they  were 
often  toUhout  curbs  or  parapets  built  round  them ;  hence  animals  often 
fell  into  them  and  were  killf'd.  A  very  ancient  law  enacted,  that,  '  if  a 
man  shall  open  or  dig  a  pit,  [a  well]  and  not  cover  it ;  and  an  ox  or  an 
ass  fisdl  therein,  the  owner  of  the  pit  shall  make  it  good,  and  give  money 
to  the  owner  of  them,  and  the  dead  beasts  shall  be  his.'  £xo.  xxi,  33,  34. 
This  was  probably  an  old  Phenician  and  Egyptian  law  whidi  the  In- 
raelites  adopted  from  its  obvious  utility.  Josephus'  account  of  it  is  more 
explicit :  '  let  those  that  dig  a  well  or  a  pit,  be  careful  to  lay  planks  over 
them,  and  so  keep  them  shut  up,  not  to  hinder  persons  from  drawing  wa- 
ter, but  that  there  may  be  no  dano^er  of  falling  into  them.'  Antiq.  iv 
8.  Numerous  examples  of  the  utility  of  such  a  law  might  be  produced 
from  oriental  histories.  Benaiah,  one  of  the  three  famous  warriors  of 
David,  who  broke  through  the  hosts  of  the  Philistines  and  drew  water 
for  him  out  of  the  well  of  Bethlehem,  'slew  a  lion  in  the  midst  of  a  pit  in 
the  time  of  snow.'  Sam.  xxiii,  20 :  from  Josephus,  this  appears  to  have 
been  one  of  the  ordinary  wells  of  the  country,  which  having  no  curby 
had  been  left  open,  and  the  'lion  slipped  and  fell  into  it.'     Antiq.  vii,  12. 

*  On  our  way  back  to  the  town,  we  saw  a  poor  ass  dying  in  a  pit«  into 

•Plutarch's  Life  of  Solon. 
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wbicH  he  had  fallen  with  his  legs  tied,  that  being  the  practice  of  the  Arabs 
when  they  send  out  these  animals  to  feed/^  The  custom  of  the  Arabs  in 
this  respect  has  probably,  like  many  others,  ULdergone  no  change.  It  ex*, 
plains  the  necessity  of  the  law  in  Exodus,  as  quoted  above. 

As  two  elephant  drivers,  each  on  his  elie]:  iiant,  one  of  which  was  re- 
markably large  and  powerful,  and  the  othe;  small  and  weak.  Were  ap- 
proaching a  well,  uie  latter  carried  at  tbi.end  of  his  proboscis  a  bucket 
by  which  to  raise  the  water.  The  large**  animal  instigated  by  his  driver, 
(who  was  not  provided  with  one,)  seized  and  easily  wrested  it  from  the 
weaker  elephant,  which,  though  unable  to  resent  the  insult,  obviously  felt 
it.  At  length,  watching  his  opportunity  when  the  other  was  standing  amid 
the  crowd  with  his  side  to  the  well,  he  retired  backwards  in  a  very  quiet 
and  unsuspicious  manner,  and  then  rushing  forward  with  all  his  nught, 
drove  his  head  against  the  side  of  the  robber,  and  fairly  pushed  him  into 
the  well — ^thc  surface  of  the  water  in  which,  was  twenty  feet  below  the 
level  of  the  ground. 

But  animals  were  not  the  only  suFerers :— There  are  passages  in  an- 
cient authors  which  indicate  the  loss  of  human  life  both  accidentallv  and 
by  design,  in  consequence  of  the  absence  of  curbs  to  wells.  Thus  llylas 
who  accompanied  Hercules  on  the  Argonaudc  expedition,  went  ashore  to 
draw  water  from  a  well  or  fountain,  and  he  fell  in  and  was  drowned. 
Virgil  represents  the  companions  of  Hylas  after  missing  him,  as  spread- 
ing^ themselves  along  the  coast  and  loudly  repeating  his  name  : 

And  Hylas,  whom  his  messniatee  lond  deplore, 
While  Hylas !  Hylas !  rings  from  all  the  shore. 

Ec  Yi,  48.     Wrauffiiam. 

Archelaus  of  Macedon,  a  contemporary  of  Socrates,  ascended  the  throne 
oy  the  most  horrid  crimes.  Among  others  whom  he  murdered,  was  his 
iwn  brother,  a  boy  only  seven  years  old.'  He  threw  his  body  into  a  well, 
and  endeavored  to  make  his  mother  believe  that  the  child  fell  in,  '  as  he 
was  running  after  a  goose.'     BayU, 

When  Alexander,  like  a  demon,  destroyed  the  city  of  Thebes,  (the  gbt 
pital  of  one  of  the  States  of  Q-reece,)  and  murdered  six  thousand  of  its 
inhabitants,  a  party  of  Thracian  soldiers  belonging  to  his  army  demolished 
the  house  ofTimoclea,  a  lady  of  distinguished  virtue  and  honor.  The  soldiers 
carried  off  the  booty,  and  their  captain  having  violated  the  lady,  asked 
her,  if  she  had  not  concealed  some  of  her  treasures:  she  told  him  she 
had,  and  taking  him  alone  with  her  into  the  garden,  she  showed  him 
a  well,  into  which  she  said- she  had  thrown  every  thing  of  value.  Now 
we  are  told,  that  as  he  stooped  down  to  look  into  the  well,  this  high  spi 
rited  and  much  injured  lady  pushed  him  in,  and  killed  him  with  stones.^ 

From  diese  accounts,  it  appears  that  wells  belonging  to  private  houses  in 
ancient  Greece,  were  sometimes  ^without  curbs,  although  they  probably  had 
portable  or  wooden  covers.  That  these  were  common,  is  evident  from  a  pas 
sage  already  quoted  from  Joseph  us ;  and  the  remains  of  one  have  been 
discovered  in  rompeii.®  The  private  well  mentioned  in  2  Sam.  xvii,  18, 
had  no  curb.  Indeed  it  is  evident  from  the  New  Testament,  that  the  an- 
cient custom  of  leaving  the  upper  surface  of  wells  level  with  the  ground, 
prevailed  among  the  Jews,  tljrough  the  whole  of  their  history,  from  their 
mde'v^ridence  as  a  nation,  to  their  final  overthrow  by  Titus.  *  What  man 
among  you  having  one  sheep,  if  \ifaU  into  a  pit  on  the  sabbath  day,  will 


•  Qt  John*s  Egypt,  i,  354.    ^  Platarth's  Life  of  Alexander.    «  Pompeii,  h,  904. 
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lie  not  lay  liold  of  it  and  lift  it  out  1'  MatL  xii,  11.    And  again  in  Luke, 

*  which  of  you  shall  have  an  ass,  or  an  ox  fallen  into  a  pU^  and  will  not 
•traightway  pull  him.  out  on  the  sabbath  day.'  xir,  5. 

In  these  passages,  which  are  parallel  to  diose  quoted  irom  Exodus  and 
Josephus,  the  word  '  pit'  is  synonymous  with  *  well.'     In  Antiq.  vii,  J  2, 

*  the  well* of  Bethlehem/  is  called  a  '  piti'  Wells  without  curbs  are  met 
with  in  Judea  and  the  east  generally,  at  the  present  time,  although  they 
are  not  so  numerous  as  formerly.  Mr.  Stephens,  in  his  '  Incidents  of 
Trayel,'  observed  on  the  road  to  Gaza,  'two  remarkable  wells  of  the  very 
best  Roman  workmanship,  about  fifty  feet  deep,  lined  with  large  hard 
stones,  as  firm  and  perfect  as  on  the  day  on  which  they  were  laid;  the  up- 
permost layer  on  the  top  of  the  well,  '  was  on  a  level  with  the  pavement.* 
In  some  illustrations  of  the  Book  of  Gienesis,  executed  in  the  fourth  or 
fifth  century,  one  represents  the  interview  between  Rebecca  a^ J  Elieier ; 
the  well  is  square,  and  the  curb  but  a  few  inches  high. 

REASONS  FOR  NOT  PLACING  CURBS  ROUND  THB  MOUTHS  OF  WKLLtf. 

The  motives  which  induced  the  ancients  to  leave  their  wells  without 
curbs  were  various: 

1.  That  they  might  be  more  readily  concealed.  This  was  a  universal 
oiistom  in  times  of  war.  When  Darius  invaded  Scythia,  the  inhabitants 
did  not  attempt  an  open  resistance,  but  covered  up  their  wells  and  springs 
and  retired.  Herod,  iv,  120.  Mr.  Elphinstone,  in  his  mission  to  Cabaul, 
says,  the  people  '  have  a  mode  of  covering  their  wells  with  boards,  heaped 
with  sand,  that  eifectually  conceals  them  from  an  enemy.'  Diodorus  Si- 
culus,  remarked  the  same  of  the  Bedouin  Arabs,  eighteen  centuries  ago, 
and  they  still  practise  it.  Travelers  in  the  Lybian  desert  are  often  six  and 
seven  days  without  water,  and  frequendy  perish  for  want  of  it;  'the 
drifting  sand  having  covered  the  marks  of  the  wells.'^  Wells,  when  thus  con- 
eealed  '  can  only  be  found  by  persons  whose  profession  it  is  to  pilot  cara- 
Tans  across  this  ocean  of  sand,  and  the  sagacity  with  which  these  men  per- 
form their  duty  is  wonderful ;'  like  pilots  at  sea  with  nothing  but  the  stars 
to  direct  them. 

S.  To  prevent  them  from  being  poisoned  or  filled  up,  both  of  which 
frequenlly  occurred.  The  Roman  General  Aquilius  conquered  the  cities 
of  the  kingdom  of  Pergamus,  one  by  one,  by  poisoning  the  waters.  This 
horrid  crime  has  always  prevailed.  In  1320,  many  Jews  were  burnt  in 
France,  while  others  were  massacred  by  the  infuriate  people,  under  the 
belief  that  they  had  poisoned  the  wells  and  fountiuns  of  Paris.  The  Earl 
of  Savoy  was  poisoned  in  this  manner  in  1384,  and  the  practice  was  com- 
mon in  the  fifteenth  century.®  Some  of  the  wells  belonging  to  Abraham, 
were  stopped  up  by  the  inhabitants.  '  And  Isaac  digged  again  the  wells 
of  water,  which  they  had  digged  in  the  days  of  Abraham  his  father,  for 
the  Philistines  had  stopped  them,  aft»r  the  death  of  Abraham.'  Gen.  xxvi, 
18.  '  We  walked  on  some  distance  to  a  well,  which  we  found  yWZ  &f 
9and ;  Hussein  scooped  it  out  with  his  hands,  when  the  water  rose  and 
•11  of  us  drank.'  Lindsay's  Trav.  LeL  7.  •When  the  Assyrians  under 
Senacherib,  invaded  Judea  in  the  eighth  century,  B.  C. '  Mezekiah  took 
counsel  with  his  princes  and  mighty  men,  to  stop  the  waters  of  the  foun* 
tains  which  were  without  the  ci^  *  and  they  stopped  all  the  fountains 
saying,  why  should  the  king  of  Assyria  come  here  and  find  much  water  V 
S  Ei^s,  iii,  19.  25. 

'"^  •Vol.  ii,  101.  and  Lindsay*!  Trav.  Let  9.    ^  OsUvy;i  Africa,  281. 
•MeKsraj'B  France     Lon.  1663.  pp.  349^  408, 414.' 
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TLe  custom  of  leaving  the  principal  supply  of  water  without  the  walls 
of  the  more  ancient  cities,  is  remarkable ;  and  the  reason  for  it  has  not 
yet  been  satisfactorily  explained.  The  water  which  supplied  Alba  Longa, 
lay  in  a  very  deep  glen,  and  was  therefore  scarcely  defensible  ;  but  the 
springs  of  the  Scamander  at  Troy,  of  Enneacrunus  at  Athens ;  of  Dirce 
at  Thebes,  and  innumerable  others,  prove  that  such  instances  were  com- 
mon.* When  David  waged  war  against  the  Ammonites,  his  success,  ac- 
cording to  Josephus,  was  chiefly  owing  to  his  general  cutting  off  their 
waters,  and  especially  those  of  a  particular  well.  Antio.  vii,  1.  Mardo- 
nius  stopped  up  the  Gargaphian  fountain,  which  supplied  the  Grecian  ar- 
Biy  with  water,  an  oct  which  brought  on  in  its  vicinity,  the  famous  battle 
of  Platea,  in  which  ne  was  slain,  and  the  power  of  Persia  in  Greece 
finally  prostrated.  A  remarkable  instance  of  the  labor  and  perseverance 
of  ancient  soldiers,  in  cutting  off  a  well  or  fountain  from  besieged  places, 
is  given  by  Caesar  in  his  Commentaries  on  the  War  in  Gaul,  viii,  33. 

3.  To  prevent  the  water  from  being  sto^^n;  which  could  scarcely  have 
been  prevented  at  wells  with  curbs,  for  they  could  not  then  have  been  con- 
cealed. We  must  bear  in  mind  that  the  extreme  scarcity  of  water  in  the 
east,  required  a  vigilant  and  parsimonious  care  of  it ;  and  hence  continual 

Suarrels  arose  from  attemptis  to  purloin  it,  or  to  take  it  by  force.  '  And 
le  herdsmen  of  Gerar  did  strive  with  Isaac's  herdsmen,  saying,  the 
water  is  ours.'  Gen.  xxvi,  20.  This  kind  of  strife,  says  Dr.  Richardson, 
between  the  different  villagers,  still  exists,  as  it  did  in  the  days  of  Abra- 
ham and  Lot.  It  was  customary  for  shepherds  to  seize  on  the  wells  be- 
fore others  came,  lest  there  should  not  be  suHicient  water  for  all  their 
flocks,  and  it  was  at  an  occuirence  ofthis  kind,  that  Moses  first  became  ac- 
quainted with  Zipporah  and  her  sisters.  Jos.  Antiq.  ii,  11.  "  Nearly  six 
hours  beyond  the  ruined  town  of  Koumou,  and  two  beyond  the  dry  bed 
of  a  small  stream  called  El  G^rara,  [the  brook  of  Gerar  1]  we  were  sur- 
prised at  finding  two  large  and  deep  wells,  beautifully  built  of  hewn  stone. 
The  uppermost  course,  and  about  a  dozen  troughs  for  watering  cattle  dis- 
posed round  them,  of  a  coarse  white  marble ;  they  were  evidently  coeval 
with  the  Romans.  Quite  a  patriarchal  scene  presented  itself  as  we  drew 
near  to  the  wells ;  the  Bedouins  were  watering;  their  flocks ;  two  men  at 
each  well  letting  down  the  skins  and  pulling  them  up  again,  with  almost 
ferocious  haste,  and  with  quick  savage  shouts."  Lindsay's  Trav.  Let.  9. 

The  scarcity  of  water  in  those  countries  has  from  tne  remotest  times 
made  it  an  object  of  merchandise, — "  Ye  shall  also  buy  water  of  them  for 
money  that  ye  may  drink."  Deut.  ii,  6,  28.  And  Jeremiah — "  we  have 
drunken  our  water  for  money."  Lam.  v,  4.  See  Ezekiel,  iv,  16,  17. 
This  value  of  water  may  be  perceived  in  the  negotiation  of  Moses  with 
the  king  of  Edom,  for  a  passage  through  that  country.  He  pledged  him- 
self that  his  countrymen  would  not  injure  the  fields  or  the  vineyards ; 
•neither,"  says  he,  "will  we  drink  of  the  waters  of  the  wells;"  and  in  a 
subj^equent  proposition,  he  adds,  "  if  I  and  my  cattle  drink  of  thv  waters, 
then  I  will  pay  for  it."  Num.  xx,  17,  19.  It  is  we  think  evident  from 
the  text,  tliat  the  great  quantities  of  water  which  such  a  h9st  would  re* 
quire,  was  the  principal  objection  urffed  by  the  people  of  Edon;  they 
were  afraid,  and  very  naturally  too,  tnat  a  million  of  souls  might  drain  all 
their  wells  while  passing  through  the  land,  a  calamity  that  might  prove 
fatal  to  themselves.  Brooks  and  rivers,  were  dried  up  by  the  army  of 
Xerxes  as  he  advanced  towards  Greece. 
It  may  be  observed  here,  that  when  in  1811,  Burckhardt  discovered 

■  Gell's  Topography  of  Rome,  i,  34. 
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Petra,  the  long  lost  capital  of  Edom,  an  intenae  interost  was  excited 
among  the  learned  men  of  Europe;,  and  several  hastened  to  bi^hold  the 
most  extraordinary  city  of  tlie  world ;  a  city  excavated  out  of  the  rocks, 
whose  origin  goes  back  to  the  times  of  Esau,  the  *  father  of  Edom,'  and 
which  had  for  more  than  a  thousand  years,  been  completely  lost  to  the 
civilized  world.  But  the  natives  swore,  as  in  the  times  of  Moses,  they 
should  not  enter  their  country,  nor  drink  of  their  nutter,  and  they  threatened 
to  shoot  them  like  dogs,  if  they  attempted  it.  It  was  with  much  difficulty 
and  danger,  that  Burckhardt  at  length  succeeded  in  obtaining  a  glimpse 
of  this  singular  city.  He  was  di seised  as  an  Arab,  and  passed  under  the 
name  of  Sheik  Ibrahim.  The  dimculty  and  danger  of  a  visit  to  Petra 
is  now  however  in  a  great  measure  removed  by  the  pre.<«ent  Pasha,  Ma- 
hommed  Ali. 

From  the  custom  of  concealing  many  ancient  wells,  we  learn  the  im- 
portant fact,  that  machines  for  raising  the  water  could  not  have  been  at- 
tached to,  or  permanently  placed  near  them.  As  these,  as  well  as  curbs 
or  parapets  projecting  above  the  ground,  would  have  betrayed  to  ene- 
mies and  strangers  their  location.  When  the  woman  at  Bahurim  secreted 
David's  spies  in  the  well  belonging  to  her  house,  and  "  spread  a  covering 
over  the  well's  mouth,  and  spread  ground  corn  thereon;"  2  Sam.  xvii,  19, 
her  device  could  not  have  succeeded,  if  a  curb  had  enclosed  its  mouth, 
or  if  any  permanent  machine  had  been  erected  to  raise  the  water  from  itj 
as  these  would  have  indicated  the  well  to  the  soldiers  of  Absalom,  who 
would  certainly  have  examined  it,  because  wells  were  frc(]uently  used 
as  hiding  places  in  those  days.  There  is  a  tradition  in  Persia  that  one  of 
the  Armenian  patriarchs,  was  concealed  several  years  in  a  well,  durinff 
the  persecution  of  the  Christians  under  Dioclesian  and  Maxim inian ;  and 
was  '  privately  relieved  by  the  daily  charity  of  a  poor  godly  woman.' 
Fryer,  271. 

when  Ali  the  fourth  Caliph  of  the  Arabians,  marched  with  ninety 
thousand  men  into  Syria,  the  army  wa8  in  want  of  water.  An  old  hermit, 
whose  cell  was  near  the  camp,  was  applied  to  ;  he  said  he  knew  but  of 
one  cistern,  which  might  contain  two  or  three  buckets  of  water.  The 
Caliph  replied  that  the  ancient  patriarchs  had  dug  wells  in  that  neighbor- 
hood. The  hermit  said  there  was  a  tradition  of  a  well  whose  mouth  was 
closed  by  a  stone  of  an  enormous  size,  but  no  person  knew  where  it  was. 
Ali  caused  his  men  to  dig  in  a  spot  which  he  pointed  out,  and  not  far  from 
the  surface,  the  mouth  of  the  well  was  found.* 

Where  wells  were  too  well  known  to  be  concealed,  as  those  in  the 
neighborhood  of  towns,  villages,  &c.  they  were  sometimes  secured  by 
large  stones  placed  over  them,  which  required  the  combined  strengtn 
of  several  persons  to  remove.  '  A  great  stone  was  upon  the  well's  mouth; 
and  they  rolled  the  stone  from  the  well's  mouth  and  watered  the  sheep, 
and  put  the  stone  again  upon  the  well's  mouth.'  Gen.  xxix,  2,  3.  The  Ma- 
hommedans  have  a  tradition  that  the  well  at  which  Moses  watered  tho 
flocks  of  his  father-in-law,  was  covered  by  a  stone  which  required  several 
men  to  remove  it.  It  is  indeed  obvious  large  stones  only  could  have  been 
used,  for  small  ones  could  not  extend  across  the  wells,  v^^hich  were  fre* 
quently  of  large  diameter.  Jacob's  well  is  nine  feet  across,  and  some 
were  larger  The  curb  round  the  well  Zemzem  at  Mecca,  is  ten  feet  m 
diameter.  *'  Another  time  we  passed  an  ancient  well,"  says  Lindsay,  Let. 
llO,  "  in  an  excursion  from  Jerusalem  to  Jericho  and  the  Dead  Sea,  its 
mouth  sealed  with  a  large  stone,  with  a  hole  in  the  centre,  through  which 

•Martign/'ii  Il^tJiv  of  the  Arabians,  ii.  4d. 
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we  threw  a  pebble,  out  there  was  no  water,  and  we  should  have  been 
Borr}'  had  there  been  any,  for  our  ttmted  strength  could  not  have  removed 
the  seal." 

Notwithstanding  the  precautions  used,  shepherds  were  often  detected 
in  fraudulently  watering  their  flocks  at  their  neighbors'  wells,  to  prevent 
which,  locks  were  ns'ed  to  secure  the  covers.  These  continued  to  be 
used  till  recent  times.  M.  Chardin  noticed  them  in  several  parts  of  Asia. 
The  wells  at  Suez,  according  to  Niebuhr,  are  surrounded  by  a  strong 
wall  to  keep  out  the  Arabs,  and  entered  by  a  door  *  fastened  with  enor- 
mous clamps  of  iron.'  In  Greece  as  in  Asia,  those  vrere^fined  who  stole 
water.  When  Themistocles  during  his  banishment  was  in  Sardis,  he  ob* 
served  in  the  temple  of  Cybele  a  female  figure  of  brass,  called  '  Hydro 
pharus'  or  Water  Bearer,  which  he  himself  had  caused  to  be  made  and 
dedicated  out  of  the  Jlnes  of  such  as  had  stolen  the  water,  or  diverted  the 
stream.*  One  of  the  Greek  emperors  of  Constantinople  issued  an  edict 
A.  D.  404,  imposing  a  fine  of  a  pound  of  gold  for  every  ounce  of  water 
surreptitiously  taken  from  the  reservoirs.'*  And  a  more  ancient  ruler  re- 
marked that '  stolen  toaters  are  sweet.'  Proverbs,  ix,  17.  The  ancient 
Peruvians  had  a  similar  law. 

Curbs  or  parapets  were  generally  placed  round  the  mouths  of  wells  in 
the  ct^ief  of  Greece  and  Rome,  as  appears  from  many  of  them  preserved  to 
the  present  time,  as  well  as  those  discovered  in  Pompeii  and  Herculaneum. 
The  celebrated  mosaic  pavement  at  Preneste,  contains  the  representation 
of  an  ancient  well ;  by  some  authors  supposed  to  be  the  famous  fountain 
of  Heliopolis.  Montfaucon  and  Dr.  Shaw  have  given  a  figure  of  it.  The 
curb  is  represented  as  built  of  brick  or  cut  stone.  Curbs  were  generally 
massive  cylinders  of  marble  and  mostly  formed  of  one  block,  but  some- 
times of  two,  cramped  together  with  iron«  Their  exterior  resembled 
round  altars.  Those  of  the  Greeks  were  ornamented  with  highly  wnmght 
sculptures  and  were  about  twenty  inches  high.  Roman  curbs  were  ge- 
nerally plain,  but  one  has  been  found  in  the  street  of  the  Mercuries  at 
Pompeii,  beautifully  ornamented  with  triglyphs.  To  these  curbs  Juvenal 
appears  to  allude  : 

Oh !  how  much  more  devontlv  should  we  cling 

To  thonghtB  that  hover  rounJ  the  sncred  spring, 

Were  it  still  margined  with  its  native  green, 

And  not  a  marble  near  the  spot  were  seen.  Sat.  iii,  30   Badhdim. 

That  Roman  wells  were  generally  protected  by  curbs,  appears  also  from 
a  remark  of  the  elder  Pliny :  *'  at  Grades  the  fountain  next  to  the  temple  of 
Hercules,  is  enclosed  about  like  a  well."  B.  ii,  97.  Dr.  Shaw  mentions  se- 
veral Roi^pin  wells  with  corridors  round,  and  cupolas  over  them,  in  various 
parts  of  Mauritania.  Trav.  237.  Mr.  Dodwell  describes  the  rich  curb  of 
a  Corinthian  well,  ten  figures  of  divinities  being  carved  on  it  Such  deco' 
rations  he  says  were  common  to  the  sacred  wells  of  Greece. 

In  various  parts  of  Asia  and  Egypt,  the  finest  columns  have  been  bro- 
ken and  hollowed  out  to  serve  as  curbs  to  wells ;  and  in  some  Instances, 
the  capitals  of  splendid  shafts  may  be  seen  appropriated  to  the  same  pur- 
pose. Although  such  scenes  are  anything  but  pleasantVo  the  enlightened 
traveler,  the  preservation  of  valuable  frag^ments  of  antiquity  has  been  se- 
ctored by  thesOi  and  similar  applications  ot  them.  They  certainly  are  less 
subject  to  destruction,  as  curbs  of  wells,  than  when  employed,  like  the 
fine  Corinthian  capital  of  Parian  marble,  which  Dr.  Shaw  observed  at 
Arzew,  '  as  a  block  for  a  blacksmith's  anvil'  Trav.  29,  30. 


•Plntareh's  L'^e  of  Themistocles.     ^Hydranlia,  p.  29^.  I/^i   i835. 
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CHAPTER     VII. 

WmOi  cooduded:  Oeieription  of  Jacob's  wen--Of  Zomsom  la  Meceo— Of  Joseph**  well  it  Caii 
KrfleetioDs  on  well*— Oldflst  OMMinmeats  extant— Wells  at  Elim— Bethlehem-^Cos  Bcyros— Ileliopolla 
--Tersepolia—Jenisalein— Troy— EpheeiiSr-Tadmor^^isra--8araophaf^emplo7^  as  watortof  tnwf Im 
-'-fitoDe  eoflla  of  Richard  III  used  as  one— Ancieat  AoMrieiui  wella— Indicate  the  existence  in  past  times 
of  a  more  rcflned  people  than  thd  present  red  men— Their  examinaiaoa  desirabie  Might  Airaish  (Uko 
the  wells  at  Athens,)  important  data  of  fbrmer  afes 

A  description  of  some  celebnted  wells  may  here  be  inserted,  as  we 
sliall  have  occasion  to  refer  to  them  hereafter.  Jacobus  we%  is  one  of 
the  most  ancient  and  interesting.  Through  a  period  of  thirty-five  cen- 
turies it  has  been  used  by  that  patriarch's  descendants,  and  distinguished 
by  his  name.  This  well  is,  as  every  reader  of  scripture  knows,  near  Sy- 
ithar,  the  ancient  Shechem,  on  the  road  to  Jerusalem,  and  has  been  visited 
by  pilgrims  in  all  ages.  Long  before  the  christian  era,  it  was  greatly  re* 
voted,  and  subsequently  it  has  been  celebrated  on  account  of  the  inter- 
view which  the  Savior  had  with  the  woman  of  Samaria  near  iL  Its  lo- 
cation according  to  Dr.  Clarke  is  so  distinctly  marked  by  the  Evangelist, 
and  so  little  liable  to  uncertainty  from  the  circumstances  of  the  well  itself, 
and  the  features  of  the  country,  that  if  no  tradition  existed  for  its  identity, 
the  site  of  it  could  hardly  be  mistaken. 

The  date  of  its  construction  may,  for  aught  that  is  known  to  the  con 
trary,  extend  far  beyond  the  times  of  Jacob;  for  we  are  not  informed  that 
it  was  digged  by  him.  As  it  is  on  land  which  he  purchased  for  a  residence, 
''  of  the  sons  of  Hamor  the  father  of  Shechem,"  and  was  in  the  vicinity 
of  a  Canaanitish  town ;  it  may  have  been  constructed  by  the  forme! 
owners  of  the  soil,  and  probably  was  so.  The  woman  of  Samaria  when 
conversing  with  the  Savior  respecting  it,  asks  '  Art  thou  greater  than  our 
father  Jacob  who  gave  us  the  weU,  and  drank  thereof  himself,  his  children 
and  cattle  1"  John,  iv,  12.  She  does  not  say  he  dns  it.  This  famous 
well  is  one  hundred  anifive  feet  deep^  and  nine  feet  in  aiameter,  and  when 
Maundrell  visited  it,  it  contained  fifteen  feet  of  water.  Its  great  an- 
tiquity will  not  appear  very  extraordinary,  if  we  reflect  that  it  is  bored 
through  the  solid  rock,  and  therefore  could  not  be  destroyed,  except  by 
an  earthquake  or  some  other  convulsion  of  nature ;  indeed  wells  of  this 
description,  are  the  most  durable  of  all  man's  labors,  and  maylfor  aught 
we  know,  last  as  long  as  the  world  itself. 

The  well  Zcmzem  at  Mecca,  may  be  regarded  as  another  very  ancient 
one.  It  is  considered  by  Mahometans  one  of  the  three  holiest  things  in 
the  world,  and  as  the  source  whence  the  great  progenitor  of  the  Arabf 
was  refreshed  when  he  and  his  mother  left  his  father's  house.  "  She  saw 
a  well  of  water,  and  she  went  and  filled  the  bottle  with  water  and  gave 
the  lad  to  drink."  Gen.  xxi,  19.  This  well,  the  Caaba  and  the  black 
Btone,*  were  connected  with  the  idolatry  of  the  ^cient  Arabs,  centuries 
before  the  time  of  Mahomet.  The  Caaba  is  said  to  have  •been  built  by 
Abraham  and  Ishmael,  an4  it  is  certain  that  U^eir  names  have  been  con- 
nected with  it  from  the  remotest  ages.     Diodorus  Siculus,  mentions  it  as 

•This  Stone  like  those  of  the  Hindoos  and  the  one  mentioned  iu  Ac:s.  joau  "Ml 
down  irom  heaven*  and  is  probablf  a  meteonte. 
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being  held  in  great  veneradon  by  tbe  Arabs  in  his  time.  [50,  B.  C]  The 
ceremonies  still  performed,  of  *'  encircling  the  Caaba  seven  times,  kissing 
the  black  stone,  and  drinking  of  the  water  of  the  well  Zemzem,"  by  tha 
pilgrims,  were  practices  of  the  ancient  idolaters,  and  which  Mahomet,  as  an 
adroit  politician,  incorporated  into  his  system,  when  unable  to  repress 
them.  The  conduct  of  the  pilgrims  when  approaching  this  well  aAd 
drinking  of  its  water,  has  direct  reference  to  uiat  of  Hagar,  and  to  her 
feelings  when  searching  for  water  to  preserve  the  life  of  her  expiring 
son. 

If  we  reflect  on  the  infinite  value  of  wells  in  Syria— on  the  jealous  care 
with  which  they  have  always  been  preserved — that  while  they  afforded 
good  water,  they  could  ifbver  be  lost — that  Mecca  is  one  of  the  most  an* 
cient  cities  of  the  world,  the  supposed  Mesa  of  the  scriptures.  Gen.  x,  30, 
•^-and  that  this  well  is  the  oftly  one  in  the  city,  whose  waters  can  be 
drunk  :^we  cannot  but  admit  the  possibility  at  least,  that  it  is  the  identi* 
cal  one,  as  the  Arabs  contend,  of  whose  waters,  Ishmael  and  his  mother 
partook. 

We  are  not  aware  that  any  modem  author  has  had  an  opportunity  of 
closely  examining  it ;  it  being  death  for  a  christian  to  enter  the  Caaba. 
Burckhardt  visited  the  'emple  in  the  disguise  of  a  pilgrim,  but  we  believe 
he  had  not  an  opportunity  to  ascertain  any  particulars  relating  to  its  depth,  * 
ice.  Purchas,  quoting  Barthema,  who  visited  Mecca  in  1503,  says  it  is 
*'  three  score  and  ten  yards  deepe/'  [210  feet,]  **  thereat  stand  sixe  or 
eight  men,  appointed  to  draw  water  for  the  people,  who  after  their  seven- 
fold ceremonie  come  to  the  brinke,"  &c.  Pil.  p.  306.  In  Crichton's  His- 
tory of  Arabia,  £d.  1833.  Vol.  ii,  218,  this  well  is  said  to  be  (ifty-six  feet 
to  the  surface  of  the  water.  The  curb  is  of  fine  white  marble,  five  feel 
high,  and  seven  feet  eight  inches  in  its  mterior  diameter.  In  the  317th*year  of 
the  Hegira,  the  Karmatians  slew  seventeen  thousand  pilgrims  within  the  cir- 
cumference of  the  Caaba,  and  filled  this  famous  well  with  the  dead  bo* 
dies;— they  also  earned  off.  the  Black  Stone. 

Joseph's  well. — The  most  remarkable  well  ever  made  by  man,  is  Jo- 
seph's well  at  Cairo.  Its  magnitude,  and  the  skill  displayed  in  its  con- 
struction, which  Lb  perfectly  unique,  have  never  been  surpassed.  All 
travelers  have  spoken  of  it  with  admiration. 

This  stupendous  well  is  an  oblong  square,  twenty-four  feet  by  eighteen; 
being  sufficiently  capacious  to  admit  wnthin  its  mouth  a  mooerate  sized 
house.  It  is  excavated  (of  these  dimensions,)  through  solid  rock  to  the 
depth  of  one  hundred  and  sixty-five  feet  where  it  is  enlarged  into  a  capa- 
cious chamber,  in  the  bottom  of  which  is  formed  a  basin  or  reservoir,  to 
receive  the  water  raised  from  below,  (for  this  chamber  is  not  the  bottom 
of  the  well.)  On  one^ide  of  the  reservoir  another  shaft  is  continued,  one 
hundred  and  thirty  feet  lower,  where  it  emerges  through  the  f*ock  into  a 
bed  of  gravel,  in  which  the  water  is  found.  The  whole  depth,  being  two 
hundred  and  ninety-seven  feet  The  lower  shaft  is  not  in  the  same  ver- 
tical line  with  the  upper  one,  nor  is  it  so  large,  being  fifteen  feet  by 
mne.  As  the  water  is  first  raised  into  the  basin,  by  means  of  ma* 
chinery  pro]^l]ed  by  horses  or  oxen  within  the  chamber^  't  may  be 
asked,  how  are  these  animals  conveyed  to  that  depth  in  this  tremendous 
pit,  and  by  what  means  do  they  ascend  1  It  is  the  solution  cf  this  prob- 
lem that  renders  Joseph's  well  so  peculiarly  interesting,  and  which  indi- 
cates an  advanced  state  of  the  aits,  at  the  period  of  its  construction. 

A  spiral  passage-way  is  cut  through  the  rock,  from  the  surface  of  the 
grouna  to  the  chamber,  independent  of  the  well,  round  which  it  winds 
with  so  gentle  a  descent.  thi*t  persons  sometimes  ride  up  or  down  upon 
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uses  or  mules.  It  ii  nx  fret  four  in- 
chea  wide,  and  aeven  feet  two  inches 
high.  Between  it  and  the  interior  of 
the  well,  a  wall  of  rock  ia  left,  to  pre- 
vent persona  falling  into,  or  even  look- 
ing  down  it,  (which  in  some  cases  would 
be  equally  fatal,)  except  through  certain 
openings  or  windows,  by  means  of  which, 
it  is  feintly  lighted  from  the  interior  of 
the  well :  by  this  passage  the  animals 
descend,  which  drive  the  machinery  thu 
raises  the  walfer  from  the  lower  shaft 
into  the  reservoir  or  basin,  from  which 
it  is  HgRin  elevated  by  simiiar  machinery, 
and  other  oicen  on  the  surface  of  the 
ground.  See  ^figitre.  In  the  lower  shaft,  a 
path  is  also  cut  down  to  the  water,  but  as 
no  partition  is  left  between  it  and  the  well, 
it  is  extremely  perilous  for  strangers  to 
descend. 

The  square  openings  represented  on 
each  side  of  the  upper  shaft,  are  sec- 
tions of  the  spiral  passage,  and  the  zig- 
zag lines  indicate  its  direction.  Tho 
wheels  at  the  top  cany  endless  ropes, 
the  lower  parts  of  which  reach  down 
to  the  water ;  to  these,  earthenware  va 
ses  are  secured  by  ligatures,  see  A,  A, 
at  equal  distances  through  the  whole  of 
their  length,  so  that  when  the  machinery 
is  moved,  these  vessels  ascend  full  of 
water  on  one  side  of  the  wheels,  dis- 
charge it  into  troughs  as  they  pass  over 
them  and  descend  in  an  inverted  po- 
sition on  the  other.  For  a  further  de- 
scription of  this  apparatus,  see  the  chap- 
ter on  the  ehatM  of  pott. 

This  celebrated  production  of  former 
'  limes,  it  will  be  perceived,  resembles  an 
enormous  hollow  screw,  the  ceoEre  of 
which  forms  the  well,  and  the  threads,  a 
winding  stair.ca3e  round  it.  To  erect 
of  granite  a  flight  of  "  geometrical"  or 
"  well  stairs,"  two  or  three  hundred  feet 
high,  on  the  surface  of  the  ground, 
would  require  extraordinary  skill ;  al- 
though in  the  execution,  every  aid  froiD 
rules,  measures,  and  the  li^t  of  day, 
would  guide  the  workmen  at  every  step; 
but  to  begin  such  a  work  at  the  top, 
'  and  construct  it  dtncHwardt  by  excava- 
tion alone,  in  the  dark  bowels  of  thn 
earth,  is  a  more  arduous  undertaking, 
especially  as  deviations  from  the  correct 
lines  could  not  be  remedied  ;  yet  in  I(^ 
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seph's  well,  the  partition  of  rock  between  the  pit  and  the  passage-way , 
and  the  uniform  inclination  of  the  latter,  seem  to  have  been  ascertained 
with  equal  precision,  as  if  the  whole  had  been  constructed  of  cut  stone  on 
the  surface.  Was  the. pit,  or  the  passage,  formed  first;  or  were  they  simul- 
taneously carried  on,  and  the  excavated  masses  from  both  borne  up  the 
latter]  ..The  extreme  thinness  of  the  partition  wall,  excited  the  astonish- 
ment of  M.  Jomard,  whose  account  of  the  well  is  inserted  in  the  second 
volume  of  Memoirs  in  Napoleon's  great  Work  on  Egypt,  part  2nd,  p. 
691.  It  is,  according  to  him,  but  sixteen  centimetres  thick,  [about  six  in- 
ches!] He  justly  remarks  that  it  must  have  required  singular  care  to 
leave  and  preserve  so  small  a  portion  while  excavating  the  rock  from  both 
sides  of  it.  It  would  seem  no  stronger  in  proportion,  than  sheets  of 
pasteboard  placed  on  edge,  to  support  one  end  of  the  stairs  of  a  modem 
built  house,  for  it  should  be  borne  in  mind,  that  the  massive  roof  of  the  spiral 
passage  next  the  tpell,  has  nothing  but  this  film  of  rock  to  support  it, 
or  to  prevent  such  portions  from  falling,  as  are  loosened  by  fissures,  or 
such,  as  from  changes  in  the  direction  of  the  strata,  are  not  firmly  united 
to  the  general  mass.  But  this  is  not  all :  thin  and  insufficient  as  it  may 
seem,  the  bold  designer  has  pierced  it  through  its  whole  extent  with  semi- 
circular openings,  to  admit  light  from  the  well :  those  on  one  side  are 
shown  in  the  figure. 

Opinions  respecting  the  date  of  this  well  are  exceedingly  various.  Po- 
cockc  thought  it  was  built  by  a  vizier  named  Joseph,  eight  hundred  years 
ago ;  other  authorities  more  generally  attribute  it  to  Saladin,  the  intrepid 
defender  of  his  country  agaixist  the  hordes  of  European  savages,  who,  un- 
der the  name  of  crusaders,  spread  rapine  and  carnage  through  his  land. 
His  name  was  Yussef,  [Joseph.]  By  the  common  people  of  Egypt,  it 
has  long  been  ascribed  to  the  patriarch  of  that  name,  ana  their  tniditions 
are  often  well-founded ;  of  which  we  shall  give  an  example  in  the  ac- 
count of  the  Swape.  Van  Sleb,  who  visited  Egypt  several  times  in  the 
17th  century,  says,  some  of  the  people  in  his  time,  thought  it  was  digged 
by  spirits,  and  he  adds,  **  I  am  almost  inclined  to  believe  it,  for  I  cannot 
conceive  how  man  can  compass  so  wonderful  a  work.^'*  This  mode  of 
accounting  for  ancient  works  is  common  among  i^orant  people,  and  may 
be  considered  as  proof  ofttheir  great  antiquity.  !Dr.  Robertson,  in  speak- 
ing of  ancient  monuments  in  India,  remarks  that  they  are  of  such  high 
antiquity,  that  as  the  natives  cannot,  either  from  history  or  tradition,  give 
any  information  concerning  the  time  in  which  they  were  executed,  thev 
universally  ascribe  the  formation  of  them  to  superior  beings.**  Some  wri- 
ters believe  this  well  to  have  been  the  work  of  a  more  scientific  people 
than  any  of  the  comparatively  modem  possessors  of  Egypt — in  other 
words,  they  think  it  the  production  of  the  same  people  that  built  the  py- 
ramids and  the  unrivalled  monuments  of  Thebes,  Dendarah  and  Ebsam- 
boul.  Lastly,  Cairo  is  supposed  by  others,  to  occupy  the  site  of  Egyp- 
tian Babylon,  and  this  well  is  considered  by  them,  one  of  the  remains  of 
that  ancient  city.  Amidst  this  variety  of  opinions  respecting  its  origin,  it 
18  certain,  that  it  is  every  way  worthy  of  the  ancient  mechanics  of  Egypt; 
and  in  its  magnitude  eiHiibits  one  of  the  prominent  features  which  cha- 
racterize all  their  known  productions. 

Why  was  this  celebrated  well  made  oblong  1  Its  designer  had  cer- 
tainly his  reasons  for  it.  May  not  this  form  have  been  intended  to  en- 
lighten more  perfectly  the  interior,  by  sooner  receiving  and  retaining 
longer  the  rays  of  the  suni  To  what  point  of  the  compass  its  longest 
■  111  I  ■     1     I    I  ■ 

•The  present  state  of  Egypt,  by  F.  Van  Sleb.  Lon.  1G78.  p.  248.    ■» India,  Appendix 
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sides  coincide,  faas  not,  that  we  are  aware  of,  been  recorded.  Should  they 
prove  to  be  in  the  direction  of  the  rising  and  setting  sun,  the  reason  sug- 
gested, may  possibly  be  the  true  one. 

In  Ogilvy's  Afiica,  it  is  remarked  that  at  the  last  city  tq  the  south  of 
£gypt,  "  is  a  deep  well,  into  whose  bosom  the  sun  shines  at  noon,  while 
he  passes  to  and  again  through  the  northern  signs."  p.  99.  This  is  the 
same  well  that  Strabo  mentions  at  Syene,  which  marked  the  summer  sol- 
stice—the  day  was  known,  when  the  style  of  the  sun  dial  cast  no  shade  at 
noon,  and  the  vertical  sun  darted  his  rays  to  the  bottom  of  the  well.  It 
was  at  Syene,  that  Eratosthenes,  220  B.  C.  made  the  first  attempt  to 
measure  the  circumference  of  the  earth— and  to  the  same  ci^,  the  poet 
Juvenal  was  banished. 

BEFLBCTION8  ON  ANCIB1«T  WBLL8. 

Before  leaving  this  part  of  the  subject,  it  may  be  remarked  that  an- 
cient wells  are  of  very  high  interest,  inasmuch  as  many  of  them  are  the 
only  memorials,  that  have  come  down  to  us,  of  the  early  inhabitants  of 
the  world;  and  they  differ  from  almost  all  other  monuments  of  man  in 
former  times ;  not  only  in  their  origin,  design,  and  duration,  but  above  all, 
in  their  utility.  In  this  respect,  no  barren  monument,  of  whatever 
magnitude  or  material,  which  ambition,  vanity,  or  power,  has  erected,  at 
the  expense  of  the  labor  and  lives  of  the  oppressed,  can  ever  be  com- 
pared with  them.  Such  monuments  are,  with  few  excepUons,  proofs  of  a 
people's  sufferings;  and  were  generally  erected  to  the  basest  of  our  spe- 
cies :  whereas  ancient  wells  have,  through  .the  long  series  of  past  ages, 
continually  alleviated  human  woe ;  and  have  furnished  man  with  one  of 
nature's  best  gifbs  without  the  least  alloy. 

It  would  almost  appear,  as  if  the  divine  Being  had  established  a  law, 
by  which  works  of  pure  beneficence  and  real  utibty  should  endure  almost 
for  ever;  while  those  of  mere  magnificence,  however  elaborately  con- 
structed, should  in  time  pass  awav.  The  temple  of  Solomon — ^his  golden 
house,  ivory  palaces,  and  splendid  gardens  are  wholly  gone ;  but  the  plain 
cisterns,  which  he  built  to  supply  his  people  with  water,  remain  almost  as 
perfect  as  ever.  Thus  the  pnde  of  man  is  pu^shed  by  a  law,  to  which 
the  most  favored  of  mortals  formed  no  exception. 

An  addidonal  interest  is  attached  to  several  wells  and  fountains  of  the 
old  world,  from  the  frequent  allusion  to  them  in  the  Scriptures,  and  by 
the  classical  writers  of  G-reece  and  Rome.  In  addition  to  those  already 
named,  the  following  may  be  noticed.  When  the  Israelites  left  Egypt, 
"  they  came  to  Elim,  where  were  twelve  wells  of  water,  and  three  score 
and  ten  palm  trees."  Now  the  Grove  of  Elim  yet  flourishes;  and  its 
fountains  have  neither  increased  nor  diminished,  since  the  Israelites 
encamped  by  them.*  Modern  travelers  in  Palestine  often  allay  their 
thirst  at  the  well  which  belonged  to  the  birth  place  of  David,  the  **  Well 
of  Bethlehem,"  whose  waters  he  so  greatly  preferred  to  all  others.  The 
inhabitants  of  Cos,  drink  of  the  same  spring  which  Hippocrates  used 
twenty-three  hundred  years  ago;  and  their  traditions  still  connect  it  with 
his  name.  The  nymphs  of  Scyros,  another  island  in  the  Egean,  in  the 
early  ages  assembled  at  a  certain  fountain  to  draw  water  for  domestic 
uses.  This  fountain,  says  Dr.  Clarke,  exists  in  its  original  state;  and  is 
sdll  the  same  rendezvous  as  formerly,  of  love  or  of  gadlantry,  of  gossip- 

*  We  are  aware  that  Dr.  Shaw — ^Travels,  p.  350-^observed  but  ntM  wells.  He  uyi,  at 
that  time,  three  of  them  were  filled  up  with  sand;  bul  the  whole  were  to  be  seen  a 
ibort  time  preyious  fo  his  visiting  theui,  and  we  believe  since. 
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ping  and  tale  telling.  Young  women  may  be  seen  coming  from  it  in 
groups,  and  singing,  with  vases  on  their  heads,  precisely  as  represented 
on  ancientrmarbles.  It  was  at  Scyros  where  young  Achilles  w^as  concealed 
to  prevent  his  going  to  the  Trojan  war.  He  was  placed  among,  and  habited 
like,  the  daughters  of  Lycomedes  ;  but  Ulysses  adroitly  discovered  him. 
by  offt^ring  for  sale,  in  the  disguise  of  a  pedlar,  a  fine  suit  of  armor,  among 
trinkets  ior  women.  * 

Heli(»polis,  the  city  of  the  Sun,  the  On  of  Genesis,  of  which  Joseph^s 
£ither-in-law  was  governor  and  priest,  and  whose  inhabitants,  according 
to  Herodotus,  (ii.  3.)  were  the  most  ingenious  of  all  the  Egyptians,  and 
where  the  philosophers  of  Greece  assembled  to  acquire  ^  the  wisdom  of 
Egypt,"  was  famous  for  its  fountain  of  excellent  water : — this  fountain, 
with  a  solitary  obelisk,  is  all  that  remains  to  point  out  the  place  where 
that  splendid  city  stood. 

Aqueducts,  fountains,  cisterns  and  wells,  are  in  numerous  instances  the 
only  remains  of  soijie  of  the  most  celebrated  cities  of  the  ancient  world. 
Of  Heliopolis,  Syene  and  Babylon  in  Egypt ;  of  Tyre,  Sidon,  Palmyra, 
Nineveh,  Carthage,  Utica,  Barca,  and  many  others ;  and  when,  in  the  course 
of  future  ages,  the  remaining  portals  and  columns  of  Persepolis  are 
entirely  decayed,  and  its  sculptures  crumbled  to  dust :  its  cisterns  and 
aqueduct  (both  hewn  out  of  the  rock)  will  serve  to  excite  the  curi 
osity  of  future  antiquaries,  when  every  other  monument  of  the  city  to 
which  they  belonged  h:is  perished.  The  features  of  nature,  says  Dr. 
Clarke,  continue  the  same,  though  works  of  art  may  be  done  away :  the 
'beautiful  gate'  of  the  Jerusalem  temple  is  no  more,  but  Siloah's  Foun- 
tain still  flows,  and  Kedron  yet  murmurs  in  the  Valley  of  Jehoshaphat. 
According  to  Chateaubriand,  the  Pool  of  Bethesda,  a  reservoir,  one  hun- 
dred and  fifty  feet  by  forty,  constructed  of  large  stones  cramped  with 
iron,  and  lined  with  flints  embedded  in  cement,  is  the  only  specimen  re- 
maining of  the  ancient  architecture  of  that  city. 

Ephesus,  too,  is  no  more ;  and  the  temple  of  Diana,  that  according  to 
Pliny  was  220  years  in  building,  and  upon  which  was  lavished  the  talent 
and  treasure  of  the  east ;  the  pride  of  all  Asia,  and  one  of  the  wonders 
of  the  world,  has  vanished  ;  while  the  fountains  which  furnished  the  citi- 
zens with  water,  remain  as  fresh  and  perfect  as  ever.  And  as  a  tremen- 
dous satire  on  all  human  grandeur,  it  may  be  remarked,  that  a  few  solitary 
marble  sarcophagi,  which  once  encftsed  the  mighty  dead  of  Ephesus, 
have  been  preserved — but  as  watering  (roughs  for  cattle/^  Cisterns  hav6 
been  discovered  in  the  oldest  citadels  of  Greece.  The  fountains  of 
BottTiarbashi  are  perhaps  the  on/y  objects  remaining,  that  can  be  relied  on, 
in  locating  the  palace  of  Priam  and  the  site  of  ancient  Troy.  And  the 
well  near  the  outer  walls  of  the  temple  of  the  sun  at  Palmyra,  will,  in 
all  probability,  furnish  men  with  water,  when  other  relics  of  Tadmor  in 
the  wilderness  have  disappeared.^ 

To  conclude,  a  great  number  of  the  wells  of  the  ancient  world  still 
supply  man  with  water,  although  their  history  generally,  is  lost  in  the 
night  of  time. 

*  Mr.  Addi>«on,  m  bis  journey  southward  from  Damaficius  says  the  fouDtain  at  Nazefo, 
m  Galilee,  '*  trickles  fruin  a  spout  into  a  marble  trough,  which  appe.irs  to  have  beea 
an  ancient  faroopbagus.**  And  close  \rf  the  well  at  Mizra,  he  observed  fragments  of  an- 
other, which  had  been  usec^  for  a  similar  purpose.  We  may  add,  tliat  Speed,  the  old 
English  historian,  remarks  that  the  stone  co£Sn  of  Richard  8d,  **  is  now  made  a  drinking 
trough  for  horses  at  a  common  Inn."     Bdition  of  1615.  p.  787. 

>*  Lord  Lindsay's  Letters,  (10.) — PhiL  Trans.  Lowthorp's  Abiidg.  iil,  49(X 
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ANCISHT   AMERICAN   WBLL8. 

As  wells  ure  amone  the  most  ancient  of  man*8  labors,  tbat  are  extant 
in  the  old  world,  might  we  not  expect  to  find  some  on  these  dontinenta, 
relics  of  those  races,  who,  in  the  unknown  depths  of  time,  are  supposed 
to  have  cultivated  the  arts  of  civilization  here  ?  We  might :  and  true  it  is 
that  among  the  proofs  that  a  po^pulous  and  much  more  enlightened  people 
than  the  Indians  4iave  ever  been,  were  at  one  time  the  possessors  of  Ame- 
rica, ancient  wells  have  been  adduced.  ^  From  the  highest  point  of  the 
Ohio,  says  Mr.  T.  Flint,  to  where  I  am  now  wnting  (St  diaries  on  the 
Missouri)  and  far  up  the  upper  Mississippi  and  Missouri,  the  more  the 
country  is  explored  and  peopled,  and  the  more  its  surfibce  is  penetrated, 
not  only  are  there  more  mounds  brought  to  view,  but  more  incontestible 
marks  of  a  numerous  population.  Wells,  artiitoiallt  walled,  dif- 
ferent structures  of  convenience  or  defence,  have  been  found  in  euch  nuimr 
here,  as  no  longer  to  excite  curiosity^ 

But  American  antiquities  were  so  novel,  so  unlooked  for,  and  so  insu- 
lated from  those  of  the  old  world,  that  learned  men  were  greatly  per- 
plexed at  their  appearance ;  and  at  a  loss  to  account  for  their  origin.  This 
is  still,  in  a  great  measure,  the  case.  A  mystery,  hitherto  impenetrable, 
hangs  over  the  primeval  inhabitants  of  these  continents.  Who  they  were, 
and  whence  tbey  came,  are  problems  that  have  hitherto  defied  all  the  re- 
seaches  of  antiquarians.  Nothing,  perhaps,  but  the  increasing  occupa- 
tion of  the  soil,  and  excavations  which  civilization  induces,  will  eventually 
determine  the  question,  whether  these  antiquities  are  to  be  attributed  to 
European  settlers  of  the  sixteenth  century ;  to  the  enterprising  Scandina- 
vians, the  North  Men^  who,  centuries  before  the  voyages  of  Columbus  and 
the  Cabots,  visited  the  shores  of  New  England,  New  York  and  the 
Jerseys ;  or  whether  some  of  them  did  not  belong  to  an  indigenous  or 
Cuthite  race,  who  inhabited  those  prolific  r^ons,  in  times  when  the 
mastodon  and  mammoth  and  megalonix  were  yet  in  the  land. 

No  one  can  reflect  on  the  myriads  of  our  species  who  have  occupied 
this  half  of  the  globe^^perhaps  from  times  anterior  to  the  flood — without 
longing  to  know  something  of  their  history  ;  of  their  phvsical  and  intel- 
lectusl  condition  ;  their  languages,  manners  and  arts ;  of  the  revolutions 
through  which  they  passed ;  and  especially  of  those  circumstances  which 
caused  them  to  disappear  before  the  progenitors  of  the  present  red  men. 
The  subject  is  one  of  the  most  interAting  that  ever  exercised  the  human 
mind.  It  is  calculated  to  excite  the  most  thrilling  sensations,  and  we 
have  often  expressed  our  surprise,  that  one  of  the  most  obvious  and  pro* 
mising  sources  of  information  has  never  been  sufiiciently  investigated : 
we  allude  to  ancient  wells,  a  close  examination  of  which^  might  lead  to 
discoveries  equally  interesting,  and  far  more  important,  than  those  which 
resulted  from  a  similar  examination  of  Grecian  wells.  Dr.  Clarke  says, 
that  ^  Vases  of  Terra  Cotta,  of  the  highest  antiquity ^  have  been  found  in 
cleansing  the  wells  of  Athens."* 

Some  persons  may  perhaps  suppose  the  old  wells  in  the  western  parta 
of  this  continent,  to  be  the  work  of  Indians  ;  but  these  people  have  never 
been  known  to  make  any  thing  like  a  regular  welL    Mr.  Gatlin,  the  artist, 


•  A  Bomsn  well  was  diMorered  in  the  teveateenth  oeotmr,  near  the  great  road 
which  ]«ads  to  OarUde,  in  Ekiglaod.  Iiwtead  of  being  w^ad  up  with  ftooe,  it  waa 
UDed  with  large  casks  or  hogiheada,  aix  feet  deep,  and  made  of  pioe  The  well  war 
cotrerea  with  oak  plank  nine  inches  thick.  In  it  were  found  tinu,  drinking  eup»t  ^ah- 
dais  and  $hoe»,  the  eolea  of  which  were  stitched  and  nailed  FhiL  Thna.  Lowthorp*s 
▲dridg.  ui,  481. 
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who  spent  eight  years  among  those  on  the  upper  waters  of  the  Missis- 
sippi and  Missouri,  and  another  gentleman  who  had  long  been  east  of  the 
Rocky  mountains,  among  the  Fiat  Heads,  and  other  tribes  towards  the 
Pacific,  both  inform  us  that  the  wild  and  untutored  Indians  never  have 
recourse  to  wells.  They  in  fact  have  no  need  of  them,  as  their  villages 
are  invariably  located  on  the  borders  or  vicinity  of  rivers.  In  some  cases 
of  suffering  from  thirst  while  traveling,  they,  in  common  with  other  sava> 
ges,  sometimes  scrape  a  hole  in  sand  or  wet  soil,  to  obtain  a  temporary 
supply. 


CHAPTERVIII 

Andeiit  methods  of  raising  water  from  trolls:  IncUned  ^Itaeo^Btsin  witbte  wdls:  In  Mesopotsmla 
— AbyadiiiA— Hlndostan—Penlo-^adea'-Oreooe— Tbnee— England—Oord  and  bnekot :  Used  at  J** 
oobis  woU—bj  Uie  patrlaretafr— Mahomet— In  Palestine— India— Alexandria— Arabian  Vlxier  drawing 
water— €(a8i^-Hercalaneam  and  Pompeii— Wells  within  the  houses  of  the  hitter  elty— Aleppo— Tyre 
-~Cartfaag0-*Oleanthes  the  *  well  Drawer*  of  Athens,  and  saeoessor  of  Zeno — Demoorltas — Plantoa 
-^Asdeplades  and  Menedemns— CSstem  pole— Soman  dstens  and  oement— Ancient  modes  of  poxl 
lying  wster. 

Wi  are  now  to  examine  the  modes  practised  by  the  ancients,  in  ob- 
taining water  from  wells.  When  the  first  simple  excavations  became  so 
&r  deepened,  that  the  water  could  no  longer  be  reached  by  a  vessel  in 
the  hand,  some  mode  of  readily  procuring  it  under  such  circumstances 
would  soon  be  devised.  In  all  cases  of  moderate  depth,  the  most  simple 
and  eflRoient,  was  to  form  an  inclined  plane  or  passage,  from  the  surface 
of  the  ground  to  that  of  the  water;  a  device  by  which  the  principal  ad- 
vantages of  an  open  spring  on  the  surface  were  retained,  »,n\  one  by  which 
domestic  animals  could  procure  water  for  themselves  without  the  aid  or 
attendance  of  man.  There  is  reason  to  believe  that  this  was  one  of  the 
primitive  methods  of  obtaining  the  liquid,  when  it  was  but  a  short  dis- 
tance below  the  surface  of  the  ground ;  and  was  most  liicely  impercep- 
tibly introduced  by  the  gradual  deepening  of,  or  enlarging  thr  cavities  of 
natural  springs,  or  artificial  excavations. 

But  when  in  process  of  time,  these  became  too  deep  for  exterior  pas- 
sages of  this  kind  to  be  convenient  or  practicable,  the  wells  themselves 
were  enlarged,  and  stairs  or  steps  for  descending  to  the  wat^r,  constructed 
witkin  them.  The  circumstances  recorded  in  Genesis,  xxiv.,  induce  us  to 
believe  that  the  wells  at  which  Eliezer,  the  steward  of  Abraham,  met  Re- 
becca, was  one  of  these.  When  the  former  arrived  at  Nahor,  he  made 
his  camels  "^  to  kneel  down  without  the  city  by  a  well  of  water,  at  the 
time  of  the  evening  that  womeil  go  out  to  draw  water:  and  Rebecca 
came  out  with  her  pitcher  upon  her  shoulder— and  she  went  dourn  to  the 
well,  and  filled  her  pitcher  and  came  upj*^  ,  Had  fkuy  machine  been  attached 
*to  this  well,  to  raise  its  water,  or  had  a  vessel  suspended  to  a  cord  been 
used,  she  could  have  had  no  occasion  to  descend.  It  therefore  appears 
that  the  liquid  was  obtained  by  immersing  the  pitcher  in  it,  and  in  order 
to  do  this,  the  person^  '  went  down'  to  the  water.  That  this  well  waa 
not  deep,  may  be  inferred  from  the  fact  that  Rebecca  drew  wat§r  suffi- 
cient to  quench  the  thirst  of  ten  camels,  for  it  is  said,  she  supplied  them, 
**  till  they  had  done  drinking ;"  a  task  which  no  young  female  could  have 
aooompliahed  in  the  time  implied  in  *he  text^  if  this  well  had  been  even 
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moderately  deep,  and  one  which  under  all  circuiastances  was  a  laborioua 
performance ;  for  these  animals  take  a  prodigious  quantity  of  water  at  a 
time,  sufficient  to  last  them  from  ten  to  twenty  days.  Eliezer  might  well 
wonder  at  the  ingenuous  and  benevolent  disposition  of  Rebecca,  and  every 
reader  of  the  account  is  equally  surprised  at  his  insensibility,  in  permitting, 
her  to  perform  the  labor  unaided  by  himself  or  his  attendants. 

Wells  with  stairs  by  which  to  descend  to  the  water,  are  still  common. 
The  inhabitants  of  Arkeko  in  Abyssinia,  are  supplied  with  water  from  six 
wells,  which  are  twenty  feet  deep  and  fifteen  in  diameter.  The  water  is 
collected  and  carried  yp  a  broken  ascent  by  men,  women  and  children.^ 
Fryer  in  his  Travels  in  India,  p.  410,  speaks  of"  deep  wells  many  fathom 
under  ground  with  stately  stone  stairs^  Joseph's  well  in  Egypt  is  another 
example  of  stairs  both  within  and  without.  Bishop  Heber  observed  one 
in  Benares  with  a  tower  over  it,  and  a  "steep  flight  of  steps  for  descend- 
ing to  the  water."  Forrest,  in  his  Tour  along  the  Ganges  and  the  Jumna, 
says,  "  near  the  village  of  Futtehpore,  is  a  large  well,  ninety  feet  in  cir- 
cumference, with  a  broad  stone  staircase  to  descend  to  the  water,  which 
might  be  about  thirty  feet."  Mr.  Forbes,  in  his  Oriental  Memoirs,  re- 
marks that  many  of  the  Guzzerat  wells,  have  steps  leading  down  to  the 
water;  while  others  have  not."  In  a  preceding  page,  we  quoted  a  passage 
from  Ward's  History  of  the  Hindoos  to  the  same  effect,  Tavernier, 
speaking  of  the  scarcity  of  water  in  Persia,  says,  of  wells  they  have  a 
great  many,  and  he  describes  one  with  steps  down  to  the  water.*'  "  We 
passed  a  large  and  well  built  tank,  with  two  fiights  of  steps  descending  into 
it,  at  the  opposite  angles,  possibly  the  pool  of  Hebron,  where  David 
hanged  the  murderers  of  Ishbosheth."<^  The  fountain  of  Siloam  is  reached 
by  a  descent  of  thirty  steps  cut  in  the  solid  rock. 

The  small  quantity  of  water  furnished  by  some  wells,  rendered  a  de- 
scent to  it  desirable,  and  hence  it  was  oflen  collected  as  fast  as  it  appeared, 
by  women  who  oflen  waited  for  that  purpose.  "  That  which  pleased  me 
most  of  all,"  says  Fryer,  p.  J 26,  "was  a  sudden  surprise,  when  they 
brought  me  to  the  wrong  side  of  a  pretty  square  tank  or  well,  with  a  wall 
of  stone  breast  high;  when  expecting  to  find  it  covered  with  water,  look- 
ing down  five  fathom  deep,  I  saw  a  clutter  of  women,  very  handsome, 
yiaiting  the  distilling  of  the  water  from  its  dewy  sides,  which  they  catch 
in  jars.  It  is  cut  out  of  a  black  marble  rock,  up  almost  to  the  top,  with 
broad  steps  to  go  down,  Mr.  Addison  in  his  *  Journey  Southward  from 
Damascus,'  says,  "  at  the  fountain  near  D'jenneen,  the  women  used  their 
hands  as  ladles  to  fill  their  pitchers."  This  scarcity  of  water,  and  the  pmc- 
tioe  of  scooping  it  up  in  siimll  quantities,  are  referred  to,  by  both  sacred 
and  profane  authors.  "They  came  to  the  pits  and  found  no  water,  they 
returned  with  their  vessels  empty."  Jer.  xiv,  3.  "There  shall  not  be 
found  of  it  a  sherd,  [a  potter's  vessel,]  to  take  fire  from  the  hearth,  or  to 
take  water  out  of  the  pit," — that  is,  to  scoop  it  up  when  too  shallow  to 
immerse  a  vase  or  pitcher  in  it.  Is^iiah,  iii,  14.  St.  Peter  speaks  of  wells 
'without  water,'  and  n<»sea,  of  '  fountiiins  dried  up.' 

'  llie  water  nymphs  lament  tbeir  empty  urns."     Omd^  MetL  ii,  278. 

The  inhabitants  of  Libya,  where  the  wells  oflen  contain  little  water,  "draw 
it  out  iff  little  buckets,  made  of  the  shank  bones  of  the  camel."** 

Wells  with  stairs  are  n<»t  oniy  of  very  remote  origin,  but  they  appear 
to  have  been  used  by  all  the  nations  of  antiquity.  They  were  common 
among€he  Greeks  and  Romans.®     The  well  mentioned  by  Pausanias,  of 

•Ed  Encya    Art  Arkeko.    ^Pernan  Trav.  157.    •Lindsay's  Trav.  Let  9. 
'Ogilvy's  A&ica,  806.    •Lardner'a  Arts  of  the  Greeks  and  Romans^  i,  U6. 
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which  we  have  spoken  in  a  previous  cEiapter,  has  stepa  which  lead  down 
to  the  water.'  The  well  for  the  purification  of  worshippers,  in  the  tem- 
ple of  lais,  in  Pompeii,  has  a  descent  by  steps  to  the  waler>  The  wella 
«f  Thrace,  had  generally  a  covered  flight  of  steps."  Ancient  wells  of 
similar  construction  are  stHl  to  be  seen  in  various  parts  of  £uiope.  There 
is  one  near  Hempstead,  Eng.  for  the  protection  of  which,  an  act  of  par- 
liament was  passed  in  the  reign  of  Henry  VIII. 

Such  wella,  probably  gave  rise  to  the  beautiful  circular  stairs  so  com- 
mon in  old  towers,  and  still  known,  as  '  well  stairs.' 

In  Galveston,  (Texas,)  and  other  parts  of  America,  where  there  are  no 
aprings,  cisterns  are  sunk  in  the  sand  between  hillocks,  into  which  tha 
surface  water  drains,  and  steps  are  formed  to  lead  down  to  iL 


tt&a    llad«nier««klMBalednirlDiinMr.         N0.S1    Fiom ■  aaoniertpt of Ih^ talk ceDluiy. 

However  old  and  numerous  wells  with  stairs  within  them  may  be, 
most  of  the  ancient  ones  were  constructed  without  them ;  hence  the  ne- 
cessity of  some  mode  of  raising  the  water.  From  the  earliest  ages,  a 
vessel  rugpe:idtd  lo  a  cord,  has  been  used  by  ail  nations — a  de'Hce  more 
simple  and  more  extensively  employed  than  any  olher,  and  one  which  was 
undoubtedly  the  germ  of  the  m<»t  useful  hydraulic  machines  of  the  an- 
cients, as  the  chain  of  pots,  chain  pump,  &o.  That  a  cord  and  bucket 
were  used  to  raise  water  from  Jacob's  well,  nineteen  centuries  ago,  is 
evident  from  the  account  of  the  interview,  which  the  Savior  had  with  the 
woman  of  Samaria  at  it.  "  Then  oometh  he  to  a  city  of  Samaria,  called 
Sichar ;  now  Jacob's  well  was  there,  and  Jesus  being  wearied  sat  on  the 
well ;  and  there  cometh  a  woman  of  Samaria  to  draw  water  ■,  Jesus  saith 
unto  her,  give  me  to  drink."  Had  any  machine  been  attached  to  this  well 
at  that  time,  by  which  a  traveler  or  stranger  could  raise  it,  he  cuuld  have 
procured  it  for  himself;  and  as  he  was  thirsty,  he  probably  would  have 
done  so,  without  waiting  for  any  one  to  draw  it  for  him  ;  but  the  reason 
why  he  did  not,  is  subsequently  explained  by  the  woman  herself;  who, 
in  replying  to  one  of  his  remarks,  the  meaning  of  which  she  misappre- 
hended, said  "  Sir,  thou  hast  nothing  to  draa  wtlh,  and  the  well  is  deep." 
This  well,  as  already  remarked,  is  one  hundred  and  five  feet  deep.  Hence 
at  that  period  every  one  carried  the  means  of  raising  the  water  with  him. 
No.  9.  of  the  illustratjuns,  is  a  representation  of  the  woman  of  Samaria 
drawing  water.  It  is  from  s  Greek  illummated  manuscript  of  the  12tb 
century,  from  D'Agincourt's  Storia  Dell' Arte. 

It  is  still  the  general  practice  in  the  east,  for  any  one,  who 'goes  to 

■  For.  Ttfi.  19<.        *  Pompeo,  i,  S7T.        •  HydnuUa,  IM. 
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draw  water,  to  carry  a  vessel  and  cord  with  him.  a  custom  which  without 
doubt,  has  prevailed  there  since  the  patriarchal  ages.  This  was  the 
^opinion  of  Mahomet,  whose  testimony  on  such  a  subject  is  unexceptionable. 
He  was  an  Arab — a  people  who  pride  themselves  on  the  preservation 
of  the  customs  of  their  celebrated  ancestors,  Abraham,  Ishmael,  and 
Job.  In  his  account  of  Joseph's  deliverance  from  the  pit,  into  which  his 
brethren  had  cast  him,  (and  which  many  commentators  believe  was  a 
well,  which  at  the  time  contained  little  or  no  water,)  he  says :  **  Certain 
travelers  came,  and  sent  one  to  draw  water,  (who  went  to  the  well  in 
which  Joseph  was,)  and  he  let  down  hie  bucket^  4ec.  Koran,  chap.  zii. 
This  account  is  perfectly  consistent  with  that  of  Moses.  Josephus,  also, 
«eems  to  have  believed  it  to  be  a  well :  ^  Reubel  took  the  lad  and  tied 
him  to  a  cord,  and  let  him  down  gently  into  the  pit,  for  it  had  no  water 
in  it.''    Antiq.  B.  ii.  8. 

At  3  o'clock,  (says  Mr.  Addison  in  his  ^Journey  Southward  from 
DamaeeuB^")  we  rode  to  a  well  (in  approaching  Oana  of  Galilee)  in  a 
field,  where  an  Arab  was  watering  his  goats.  There  was  a  long  stone 
trough  by  the  side  of  the  well,  and  this  ^as  filled  with  water  by  means 
of  a  leathern  bucket  attached  to  a  rope,  which  the  Arab  carried  about 
with  himy  for  the  convenience  of  himself  and  his  herds.  It  was  just  such 
a  scene  as  that  described  in  Genesis :  ^  And  behold  a  well  in  the  field,  and 
lo,  there  were  three  flocks  of  sheep  lying  by  it,  for  out  of  that  well  they 
watered  their  flocks,  and  a  great  stone  was  upon  the  well's  mouth." 
Among  the  ruins  of  Mizra,  in  the  great  plain  of  Jezreel,  the  same  traveler 
observes :  "  Surprised  at  the  desolate  aspect  of  the  spot,  I  rode  with  my 
servant  to  a  well  a  few  yards  distant,  where  two  solitary  men  were 
watering  their  goats,  by  means  of  a  leathern  bucket  attached  to  a  rope; 
and  dismounting,  I  sat  on  the  stone  at  the  well's  mouth."  Mr.  Forbes, 
after  a  residence  of  ipany  years  in  Asia,  said  he  ^  did  not  recollect  any 
wells  furnished  with  buckets  and  ropes  for  the  convenience  of  strangers ; 
most  travelers  are  therefore  provided  with  them  ;  and  halcarras  and  reli 
eious  pilgrims  frequently  carry  a  small  brass  pot  aflixed  to  a  long  string 
for  this  purpose." 

In  andent  Alexandria,  where  the  arts  were  cultivated,  and  science 
flourished  to  an  extent  perhaps  unequaled  in  any  older  city,  water  was 
drawn  up  from  the  cisterns,  with  which  every  house  was  provided,  with 
the  simple  cord  and  bucket.  This  city  was  supplied  with  water  from  the 
Nile:  it  was  admitted  into  vaulted  seservoirs  or  cisterns,  which  were 
constructed  at  the  time  the  foundations  of  the  city  were  laid  by  Alexander. 
They  were  sufiiciently  capacious  to  contain  water  for  a  whole  year,  being 
filled  only  at  the  annual  inundation  of  the  river,  through  a  canal  made  for 
the  purpose.  Apertures  or  well  openings,  through  which  the  water  was 
raised  from  these  reservoirs,  are  still  to.  be  seen.  '^  Whole  lines  of  ancient 
streets  are  traceable,"  (says  Lord  Lindsay,  Travels,  Letter  2.)  "  by  the 
wells  recurring  every  eix  or  eeven  yarde :  by  which  the  contiguous  houses, 
long  since  crumbled  away,  drew  water  from  the  vast  cisterns  with  which 
the  whole  city  was  undermined." 

*<  Every  house,"  says  Rollin,  **  had  an  opening  into  its  cistern,  like  the 
mouth  of  a  well,  through  which  the  water  was  taken  up  either  in  buckets 
or  pitchers."  It  may  be  said,  this  last  quotation  is  not  ccmclusiye,  since  ^ 
it  does  not  indicate  the  manner  in  which  the  bucket  was  elevated — by  a 
wiudlassi  a  pulley)  or  by  the  hand  alone?  We  have  satisfactory  evi- 
dence that  it  was  by  the  latter.  The  pavement  of  the  old  city  is  from  ten 
to  thirty  feet  below  the  surface  of  the  modem  streets,  and  excavations  are 
frequently  made  by  the  Pasha's  workmen,  for  the  stones  of  the  old  pav^ 
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ment  and  of  the  buildings.  la  this  manner  the  marble  mouths  of  the 
yaolted  reseryoirs  or  ciaterns  are  frequently  brought  to  light ;  St.  John's 
^gypt^  vol.  i.  8 :  and  they  invariably  exhibit  traces  of  the  ropes  used  for 
raisiog  the  water.  Grooves  are  found  toom  in  them,  (by  the  ropes)  to  the 
depth  or  two  inches,  and  such  grooves  are  often  numerous  in  each  curb  or 
mouth.  Dry  wells  are  built  over  some  of  these,  and  continued  to  the 
level  of  the  present  streets.  Through  them  the  inhabitants  still  draw 
water  from  the  ancient  reservoirs ;  and  in  the  same  manner  as  it  was 
raised  from  them  when  the  Ptolemies  ruled  over  the  land.  A  person  in 
raising  the  budget,  stands  at  a  short  distance  from  the  curb  or  mouth,  and 
pulls  the  rope  horizontally,  or  nearly  so,  towards  him.  In  this  way,  the 
rupe  rubs  against  the  top  and  inside  of  the  curb,  and  in  time  wears  deep 
grooves  in  it,  such  as  are. found  in  the  ancient  ones  just  mentioned. 
Sometimes,  in  order  to  avoid  the  friction,  and  consequent  loss  of  power 
and  wear  of  the  ropes,  the  person  drawing  would  stand  on  the  edge  of  the 
curb,  so  as  to  keep  the  cord  clear;  but  the  practice  is  too  perilous  ever 
to  have  been  general.  It  is,  however,  practised  occasionally  by  the 
Hindoos. 

£1  Makin,  the  Arabian  historian,  says  that  Modach^  the  Vizier  of  Rhadi, 
who  was  deprived  of  his  right  hand  and  his  tongue,  and  was  confined  in 
a  lower  room  of  the  palace,  where  was  a  well ;  and  Ijaving  no  person  to 
atteiid  him,  he  drew  water  for  himself,  pulling  the  rope  with  his  lefb  hand, 
and  stopping  it  with  his  teeth,  till  the  bucket  came  within  his  reach* 
This  was  in  the  tenth  century.  Martigny's  History  of  the  Arabians,  vol, 
iv.  7.  The  wells  on  the  road  to  Ghiza,  noticed  by  Mr.  Stephens,  had  their 
upper  surfaces  formed  of  marble,  which  he  observes  had  many  groovea 
cut  in  \ty ''  apparently  being  worn  by  the  long  continued  use  of  ropes  in 
drawing  water."     Incidents  of  Travel,  vol.  ii.  102. 

That  the  same  mode  of  raiding  it  was  adopted  in  the  pu^/ic  wells  of  the 
ancient  cities  of  Greece  and  Rome,  is  evident  from  those  of  Herculaneuni 
and  Pompeii ;  and  from  discoveries  made  in  the  latter  city,  it  is  obvious 
that  it  was  practised  in  obtaining  water  from  the  wells  and  cisterns  of 
private  houses*  This  is  a  vwy  interesting  fact  in  connection  with  our 
subject,  as  it  shows  oonckisively  that  the  pump,  if  used  at  all  by  the 
Romans  in  their  private  houses,  it  was  only  to  a  very  limited  extent  In 
1894,  besides  theatres,  baths,  temples,  and  other  public  buildings,  eighty 
houses  had  been  disinterred.  These  were  found  to  be  almost  uniformly 
provided  with  cisterns,  built  under  ground  and  cemented,  for  the  collection 
of  rain- water.  Each  of  these  has  an  opening,  enclosed  in  a  curb,  through 
which  the  water  was  drawn  up.  These  are  generally  formed  of  a  white 
calcareous  stone,  on  which  ars  to  be  seen  deep  channels,  (Pompeii,  vol.  i. 
88,)  like  those  on  the  mouths  of  the  Alexandrian  cisterns,  and  produced 
from  the  same  cause — the  friction  of  the  ropes  used  in  drawing  the  water. 
The  hypiethrum.  says  Sir  William  Gell,  in  his  description  of  the  house 
of  the  Dioscuri,  in  this  case  served  as  a  compluvium ;  receiving  the  water 
which  fell  from  the  roof,  and  transmitting  it  to  a  reservoir  below,  to  which 
there  is  a  marble  mouth  or  puteal,  exhibiting  the  traces  of  long  use,  in  the 
furrows  warn  by  the  ropes,  by  which  the  water  was  drawn  up.  Pompei- 
ana,  vol  ii.  27. 

The  great  variety  of  buildings  to  which  wells  and  cisterns  having  their 
curbs  thus  worn  were  attached,  show  that  this  mode  \>{  raising  water  waa 
nearly  universal  in  Pompeii.  The  simple  cord  and  bucket  was  equally 
used  in  the  palace  of  the  qusBstor,  and  the  humble  dwelling  of  the  private 
dtizen.  It  was  by  them,  the  priests  drew  water  for  the  uses  of  the 
temples,  and  mechanics  for  various  purposes  in  the  arts.    Bakers  thus 
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raised  water  for  their  kneading-trouehs,  from  cisterns  or  wells  under  the 
floor  of  their  shops.  Three  bikers  shops,  at  least,  have  been  found,  and 
all  of  them  in  a  tolerable  state  of  preservation :  their  mills,  ovens,  knead- 
ing-t roughs,  flour,  loaves  of  bread,  (with  their  quality,  or  th%  bakers' 
names  stamped  on  them,)  leaven,  vessels  for  containing  water,  and  their 
reservoirs  of  the  latter,  ^c,  have  been  discovered,  so  as  to  leave  almost 
nothing  wanting  to  perfect  our  knowledge  of  this  art  among  the  Romans. 
It  is  probable  that  wells  were  not  infrequent  in  the  interior  of  the  houses 
in  Pompeii,  for  another  one  was  discovered  in  the  house  of  a  medical 
man,  as  presumed  from  ckirurgical  instruments  found  in  it> 

The  custom  of  Roman  bakers  having  wells  or  cisterns  within  their 
houses,  continued  to  modem  times.  When  the  Royal  Academy  of  Sci- 
ences of  France,  undertook  in  the  last  century,  the  noble  task  of  publish- 
ing a  detailed  account  of  all  the  useful  arts,  with  a  view  to  their  universal 
diflusion  and  perpetuity — ^the  baker  is  represented  drawing  water  from 
a  well,  under  the  floor  of  his  shop,  and  in  a  manner  analogous  to  that 
practised  by  his  predecessors  of  Pompeii.^  London  bakers  also  had  wells 
in  their  cellars,  for  the  same  purpose,  and  probably  still  have  them  to 
8ome  extent. 

The  inhabitants  of  the  city  of  Aleppo,  the  metropolis  of  Syria,  drew 
water  from  their  cisterns  or  subterraneous  reservoirs,  and  also  from  their 
wells,  with  which  *  almost  every  house'o  was  provided,  with  a  cord- and 
bucket,  in  the  same  manner  as  the 'Egyptians  of  Alexandria;  and  so  do 
the  inhabitants  of  Soor,  which  occupies  the  site  of  ancient  Tyre,  a  town 
which  contained  in  1816,  accordirtg  to  Mr.  Buckingham,  eiffht  hundred 
stone  built  houses,  most  of  which,  he  observes,  had  wells.  Ancient  CSar- 
thage  was  built  like  Alexandria,  upon  cisterns — a  common  practice  of 
old.  The  modem  inhabitants  of  Arzew,  the  ancient  Arsenaria,  as  observed 
by  Dr.  Shaw  in  his  Travels,  dwell  in  the  old  cisterns,  as  in  so  many 
hovels ;  the  water  from  which,  was  doubtless  drawn  in  former  times,  by 
the  simple  cord  and  bucket — ^the  universal  implements  still  used  through- 
out Egypt,  Palestine,  Syria,  Asia  Minor,  Persia,  Hindostan,  and  generally 
through  all  the  east.  This  primeval  device  for  raising  water,  has  been 
used  in  all  ages,  and  will  doubtless  continue  to  •be  so  used,  to  the  end  of 
time. 

•  An  interesting  circumstance  is  recorded,  respecting  an  individual,  who, 
from  hift  occupation  in  ancient  Athens,  was  named  the '  Well-Drawer,' 
which  may  here  be  noticed.  This  was  Cleanthes,  a  native  of  Lydla,  who 
went  to  Athens  as  a  wrestler,  about  300  B.  C,  and  acquiring  a  taste  for 
philosophy  there,  determined  to  place  himself  under  the  tuition  of  some 
eminent  philosopher,  although  he  possessed  no  more  than  four  drachmas^ 
or  sixty-two  cents !  He  became  a  disciple  of  Zeno,  and  that  he  might  have 
leisure  to  attend  the  schools  of  philosophy  in  the  day-time,  he  drew  water 
by  night,  as  a  common  laborer  in  the  public  gardens.  For  several  years 
he  was  so  very  poor,  that  he  wrote  the  heads  of  his  master's  lectures,  on 
bones  and  shells,  for  want  of  money  to  buy  better  materials ;  at  last,  some 
Athenian  citizens  observing,  that  though  he  appeared  strong  and  healthy, 
he  had  no  visible  means  of  subsistence,  summoned  him  before  the  Area 
pagus,  according  to  a  law  borrowed  from  the  Egyptians,  to  give  an  account 
of  his  manner  of  living.  Upon  this,  he  produced  the  gardener  for  whom 
he  drew  water,  and  a  woman  for  whom  he  ground  meal,  as  witnesses  to 
prove  that  he  subsisted  by  the  labor  of  his  hands.  The  judges,  we  are 
■  1  '  ■  ■     I       ■ 

*  Lardner's  AitB,  Ac  i,  268.     ^  DeecriptioDs  des  Arts  et  Metien.  Paria^  1761.  Ail  dn 
yftnittfigttr  planche  ft.    *  KusmL's  History  of  Aleppo,  p.  7. 
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told,  vera  so  much  struck  wilh  admiration  of  his  conduct,  that  they  or 
dered  ton  mimr,  [ona  hundred  and  sixtj'  dollftrs]  to  be  paid  him  out  of  the 
public  treasury. 

The  conduct  of  Cleanthes  explnins  the  secret  of  the  great  celebrity  of 
many  ancient  philosophers,  and  shows  the  on/y  means  by  which  eminence 
in  any  department  of  human  knowledge  can  be  acquired:  viz.  by  industry 
uid  ptrtever<tnce.  Besides  his  poverty,  which  of  itself  was  sufficient  to  ' 
paralyze  the  efforts  of  most  men,  he  was  so  singularly  dull  in  apprehea- 
don,  that  hia  fellow  disciples  used  tucalt  him  the  of*;  but  resolution  and 
application  raised  him  above  theiii  all,  m&de  him  a  complete  master  of 
the  stoic  philosophy,  and  qualified  himasasiiccessor  of  the  illustrious  Zeno, 
Democritud  beautifully  expressed  the  same  sentiment,  by  representing 
Truth  as  hid  in  the  bottom  of  a  well;  to  intimate  the  diSksulty  with  which 
she  is  found. 

Analogous  to  the  conduct  of  Cleanthes,  was  that  of  Plautus,  the  poet, 
who  being  reduced  from  competence  to  the  meanest  poverty,  hired  him- 
self to  a  baker  as  a  common  laborer,  and  while  employed  in  grinding 
corn,  exercised  his  mind  iu  study.  The  same  may  be  remarked  of  Ascle- 
piades  and  Menedemua,  two  Grecian  philosophers,  who  were  both  so 
poor,  that  at  one  period,  they  hired  themselves  as  brickloytr'i  labortrtj 
and  were  employed  in  carrying  mortar  to  the  tops  of  buildings.  Ascle- 
piades.waa  not  ashamed  to  be  seen  thus  engaged,  but  his  companion  "hid 
himself  if  he  saw  any  one  passing  by."  Athenxui,  says  they  were  at 
one  time  summoned,  like  Cleanthes,  before  the  Areopagites,  to  account 
for  their  manner  of  living — when  they  requested  a  miller  to  be  sent  for, 
who  testified  that  "  they  came  every  night  to  his  mill,  where  they  labored 
and  gained  tao  drachma." 

No.  8,  in  the  lost  engraving,  represents  a  modem  Greek  female  drawing 
water.  It  is  from  a  sketch  of  Capo  D'lstrias'  house.  See  the  Westminster 
Review  for  Septemtwr,  1838. 

CIBTXRH    POLK. 

This  simple  implement,  may  be  thought  too  in- 
significant to  deserve  a  particular  notice,  but  as  it 
is  extensively  used  in  our  rain-water  cisterns,  and 
is  no  modern  device,  we  arc  unwilling  to  pass  it. 
It  was  knoivn  to  the  Homans.  Pliny  expressly 
mentions  it,  when  speaking  of  various  mudes  of 
watering  gardt^ns.  He  says  water  is  drawn  from 
a  well  or  mnk, "  by  plain  poles,  hooks  and  buckets,'' 
B.  xix,  4;  aiid  that- it  was  a  rfomes/ic  implement  in 
old  times  as  at  present,  in  raising  water  from 
cisterns,  is  proved  by  the  discovery  of  some  of 
the  ■Aookt  at  Pompeii.  Lard.  Arts.  &c,  i,  206. 
Having  mentioned  the  rain  water  cisterns  of  the 
Romans,  it  may  be  observed,  that  they  were  as 
common  in  Pompeii  as  ibey  are  in  this  city,  every 
houseliaving  been  furnished  with  one. 

As  Pliny's  aiciunt  of  these  cisterns  may  be 

useful  to  some  mechanics,  especially  masons,  we 

^^-^^^^— ^_^^    sliall  make  no  apology  for  inserting  it,     "The 

^*^"^^^^^^     walls  were  lined  wilh  strong  cement,  formed  of 

HvldL  OhtrnPohu        fj^^  ^^^  of  sharp  sand,  and  two  of  quioklirae 

mixed  with  flints  }ktbe  bottom  being  paved  with 
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the  same,  and  well  beaten  with  an  iron  rammer.''  B.  xxxvi,  5^.  Holland's 
Trans.  The  composition  of  this  cement,  diiTers  from  that  which  Dr. 
Shaw  says  has  been  used  in  modem  times  in  the  east;  and  which  he 
thinks  is  the  same  as  that  of  the  ancients.  He  says, the  cisterns  which 
were  built  by  Sultan  ben  Eglib^  in  several  parts  of  the  kingdom  of  TuniS| 
are  equal  in  solidity  with  the  famous  ones  at  Carthage,  continuing  to  this 
day  (unless  where  they  have  been  designedly  broken,)  as  firm  and  compact, 
as  if  they  were  just  finished.  The  composition  is  made  in  this  manner : 
they  take  two  parts  of  wood  ashes,  three  of  lime,  and  one  of  fine  sand, 
which  after  being  well  sifled  and  mixed  together,  they  beat  for  three 
days  and  fights  incessantly  with  wooden  mallets,  sprinkling  them  alter- 
nately and  at  proper  times,  with  a  little  c^il  and  water,  till  they  become 
of  a  due  consistence.  This  composition  is  chiefly  used  in  their  arches, 
cisterns  and  terraces.  But  the  pipes  of  their  aqueducts,  are  joined  by 
beating  tow  and  lime  together,  with  oil  only,  without  any  mixture  of  water. 
Both  these  compositions  quickly  assume  the  hardness  of  stone,  and  suflfer  no 
water  to  pervade  them.     Trav.  286. 

If  the  Romans  wished  to  have  water  perfectly  pure,  they  made  two 
and  sometimes  three  cisterns,  at  different  levels ;  so  that  the  water  suc- 
cessively deposited  the  impurities  with  which  it  might  be  charged. 
From  this  we  see  that  the  recent  introduction  of  two  cisterns  for  the 
same  purpose,  in  some  of  our  best  houses,  is  a  pretty  old  contrivance. 
It  in  fact  dates  tar  beyond  the  Roman  era.  The  famous  cist«ms  of  So- 
lomon are  examples  of  it  Rain-water  was  frequently  boiled  by  the  Ro< 
mans  before  they  used  it.  Pliny  xxxi,  3.  This  was  also  an  ancient  prac- 
tice among  older  nations.  Herodotus,  says  the  water  of  the  Choaspea, 
which  was  drunk  by  the  Persian  kings,  was  previously  boiled,  and  kept 
in  vessels  of  silver.     B.  i,  188. 
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The  PqIIaj :  Its  origin  unknown  Uwd  in  ttio  oiwetlon  of  andont  bnlMlnfs and  in  ship*— Ajielont 
OM  fbund  In  Egypt— Probablj  flnt  used  to  raise  wnter— Not  eztonsirel/  used  in  ancient  Grecian  woUa : 
Caaae  of  this— Used  in  Mecca  and  J^Mtn— Led  to  the  emplojment  of  animals  to  raise  watei^-SlmpIe 
mode  of  adapting  them  to  this  pnrpose,  in  the  east  Pulley  and  tvo  bnSkets :  Used  bj  the  A.nglo 
Basons,  Normans,  Aa— Italian  mode  of  raising  water  to  upper  Onors— Denaguller's  mode— Mfniot-  ^ 
ing.  or  gaining  and  losing  buckets— Marqnis  of  Worosster— Heron  of  Alezandrl*— Bobert  Flndd^ 
Lerw  bucket  engine— Bucket  of  Bologna— ICatorials  of  ancient  buckets. 

PULLET   AND   SINGLE   BUCKET. 

We  now  come  to  the  period  when  some  of  the  simple  machines,  or 
mechanical  powers,  as  they  are  improperly  named,  were  applied  to  raise 
water.  When  this  first  took  place,  is  unknown  :  That  it  was  at  an  early 
stage  in  the  progress  of  the  arts,  few  persons  will  doubt;  but  the  time  is 
as  uncertain,  as  that  of  the  invention  of  those  admirable  contrivances 
for  transmitting  and  modifying  forces,  ft  was  among  the  devices  by 
which  the  famous  structures  of* antiquity  were  raised  ;  and  Egyptian  en- 
gineers under  the  Pharaohs,  were  undoubtedly  acquainted  with  all  the 
combinations  of  it  now  known.  Had  Vitruvius  neither  described  it,  i.or 
mentioned  its  applications,  a  circumstance  which  occurred  at  the  close  of 
Cleopatra^s  life,  would  have  sufficiently  proved  its  general  use,  in  the 
erection  of  elevated  buildings  binder  the  Ptolemies.    Ilie  Egyptian  queen, 
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to  avoid  &lltng  into  the  hands  of  Octavlus,  took  refuge  in  ft  very  high 
tower,  acoesidble  only  from  above.  Into  tbie,  she  and  her  two  maida, 
drew  u]>  Antony,  (whu  bad  given  himself  a  fatal  wound,)  by  means  of 
ropes  aitd  puUies,  which  happened  to  be  there,  for  the  purpose  of  raising 
■tones  to  the  top  of  the  building.  But  the  pully  waa  ao  essential  re- 
quisite in  the  sailing  vessels  of  ^jpt,  India,  and  China,  in  the  remotest 
^ea.  Neither  trading  ships,  nor  the  war  fleets  of  Sesostris,  or  previoua 
varriora  ouuld  have  traversed  the  Indian  ocean  without  this  appendage  to 
raise  or  lower  the  sails,  or  quickly  to  regulate  their  movements  by  hal- 
liards. The  anuient  £^yptians,  sayn  Mr.  Wilkinsun,  "were  not  ignorant 
of  the  pulley."  The  remaias  of  one  have  actually  been  disinterred,  and 
are  now  preserved  in  thv  museum  of  Leyden.  The  aides  are  of  athiU 
or  tamarisk  wood,  the  roller  of  lir:  part  of  the  rope  made  of  Ittf  or  fibrea 
of  the  date  tree,  was  found  at  the  same  time.  Hiis  rello  of  former  times, 
b  supposed  to  have  been  used  in  drawing  water  from  a  well.  Its  date  ia 
uncertain. 

Here  are  reasons  which  render  it  probable  that  the  tinglt  pulley,  wA 
devised  to  raise  water  end  earth  from  wells,  and  probability  is  all  that  can 
ever  be  attained  with  regard  to  its  origin.     But  may  not  the  pulley  have 
been  known  befor*  wellsl     We  think  not,  and  for  the  following  reasons; 
1.  Most  barbarous  people  have  been  found  in  posaeaaion  of  some  of  the 
latter,  but  not  of  the  former ;  and  in  the  infancy  of  the  arta,  man  has  in 
all  ages,  had  recourse  to  the  same  expedients,  and  in  the  tamt  order.     3. 
Welld  are  not  only  of  the  highest  antiquity,  but  they  are  the  only  known 
works  of  n.ui  in  early  times,  in  which  the  pulley  could  have  been  r*. 
^ired  or  applied.     3.  The  importance  of  water  in  those  parts  of  Asia 
where  the  furjner  generations  of  men  dwelt,  must  have  urgol  them  at  an 
early  period  to  facilitate,  by  the  puily,  the  labor  of  raising  it.      That  it 
preceded  the  invention  of  ships,  and  the  erection  of  Jofly  buildings  of  stone, 
u  all  but  certain,  but  fur  what  purpose,  except  for  raiting  water,  the  pul- 
ley could  have  previously  been  required,  it  would  be  difiicult  to  divine, 
Itseenis  to  have  l>een  the  lirat  addition  made  to  those  primitive  imple- 
ments, the  oord  and  bucket ;  and  when  once  adopted,  it  naturally  led.' aa 
we  shall  find  in  the  sequel,  to  the  most  valuable  machine  which  the  an- 
cients employed.     By  it  the  friction  of  the  ropa 
in  rubbing  against  the  curb,  and  the  consequent 
loss  of  a  poition  of  the  power  expended  in  raising 
the  water,  were  avoided,  and  by  it  also  a  Iwneiiciu 
change  in  the  direction  of  the  power  was  aCLained  ; 
instead  of  lieing  exerted  in  an  ascending  direction, 
aa  in  Nos.  8  and  9,  it  is  applied  more  conveniently 
and  elliciuitly  in  a  descending  one,  as  in  the  figure. 
Notwithstanding  the  obvious  advantages  of  using 
the  pulley,  it  would  appear  that  it  was  not  exten- 
sively uKed  in  the  public  wells  of  the  ancients,  ex- 
cept in  those  from  which  the  water  was  raised  by 
■  oxen.     No  example  of  its  use  has  occurred  in  the 
Mo.  IL  Pan*; and  BukM.  Wells  of  Herculaneum  or  Pompeii.     Nor  does  it 
appear  to  have  been  employed  to  any  great  extent 
by  the  Greeks;  for  with  them,  a  vessel  by  which  to  draw  water,  was  as 
necessary  ft  utensil  to  their  mendicants,  as  to  the  modem  pilgrims  and 
fokirs  of  Asia.     The  poorest  of  beggam,  Aristophanes'  TeUphea§,  bad  a 
itaR,  a  broken  oup  and  a  bucket,  although  it  leaked.     This  custom,  there 
fore,  of  carrying  a  vessel,  and  cord  to  draw  water,  shows  that  no  per- 
manent  one  was  attached  to  their  public  wells,  which  would  have  beoi 
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the  case  had  the  pulley  been  used.  If  such  had  been  the  custom,  neither 
the  mendicant  Telepheus,  nor  Diogenes,  the  philosopher,  would  have  car- 
ried about  with  them  vessels  fur  the  purpose. 

It  is  not  easy  to  account  for  the  partial  rejection  of  the  pulley  by  the 
Greeks  in  raising  water,  when  its  introduction  would  have  materially  di- 
minished human  labor.  It  certainly  did  not  arise  from  ignorance  of  its 
advantages,  as  their  constant  application  of  it  to  other  purposes  attests; 
and  there  is  reason  to  believe,  they  adopted  it  to  some  extent  in  raising 
water  from  the  holds  of  their  ships,  in  common  with  the  maritime  people 
of  Asia.  It  was  indeed  used  in  some  of  their  wells,^  but  only  to  a  limi- 
ted extent.  The  principal  reason  for  not  employing  it  in  public  wells,  was 
probably  this — With  it  a  single  person  only  could  draw  water  at  a  time, 
while  without  it  numbers  could  lower  and  raise  their  vessels  simulta- 
neously, without  interfering  with  each  other.  In  the  former  case,  alter- 
cations would  be  frequent  and  unavoidable ;  and  the  inconvenience  of 
numbers  of  people  waiting  for  water  in  warm  climates  a  serious  evil.  The 
rich,  and  those  who  had  servants  would  always  procure  it,  while  the  poor 
and  such  as  had  no  leisure,  would  obtain  it  with  difficulty.  The  larf/e  dU 
ameter  of  their  wells  and  those  of  other  nations,  it  would  seem,  was  solely 
designed  to  accommodate  several  people  at  the  same  time.  These  rea- 
sons it  is  admitted  do  not  apply  to  the  private  wells  and  cisterns  of  the 
Greeks'" and  Romans,  in  which  the  pulley  might  have  been  used  ;  but 
those  people  followed  the  practice  of  older  nations,  and  from  the  great 
number  of  their  slaves,  (who  drew  the  water)  they  had  no  inducement  or 
disposition  to  lessen  their  labor. 

A  bucket  suspended  over  a  pulley,  is  still  extensively  used  in  raising 
water  from  wells  throughout  the  world.  The  Arabians  use  it  at  the  well 
Zemzem ;  th6  mouth  of  which,  is  "  surrounded  by  a  brim  of  fine  white 
marble,  five  feet  high,  and  text  feet  in  diameter ;  upon  this  the  persons 
stand,  who  draw  water  in  leathern  buckets,  attached  to  puUet/s,  an  iron 
railing  being  so  placed  as  to  prevent  their  falling  in."^ 

Apparatus  precisely  isimilar  to  the  figure  in  No.  11,  are  used  by  the  Ja- 
panese and  other  Asiatics.     Montanus^  Japan,  294. 

The  pulley  has  but  recently  given  place  to  pumps,  in  workshops  and 
dwellings,  and  in  these  only  to  a  limited  extent — being  confined  chiefly 
to  a  few  cities  in  the  United  States  and  Europe.  In  France  and  England, 
it  was  a  common  appendage  to  wells  in  the  interior  of  houses,  during  the 
last  century ;  and  in  such  cases  it  is  still  extensively  used  throughout 
Spain,  Portugal  and  other  parts  of  Europe.  It  is  very  common  in  this 
country,  and  also  in  South  America. 

But  the  grand  advantage  of  the  pulley  in  the  early  ages  was  this ; — by 
it  the  vertical  direction  in  which  men  exerted  their  strength,  could  be  di- 
rectly changed  into  a  horizontal  one,  by  which  change  animals  could  be 
employed  in  place  of  men.  The  wells  of  Asia,  frequently  varying  from 
two  to  three,  and  even  four  hundred  feet  in  depth,  obviously  required 
more  than  one  person  to  raise  the  contents  of  an  ordinary  sized  vessel :  and 
where  numbers  of  people  depended  on  such  wells,  not  merely  to  sup- 
ply  their  domestic  wants,  but  for  the  purpose  of  irrigation,  the  substi- 
tution of  animals  in  place  of  men,  to  raise  water,  became  a  matter  almost 
of  necessity,  and  was  certainly  adopted  at  a  very  early  period.  In  em- 
ploying an  ox  for  this  purpose,  the  simplest  w«y,  and  one  which  deviated 
the  least  from  their  accustomed  method,  was  merely  to  attach  the  end  of 
the  rope  to  the  yoke,  afler  passing  it  over  a  pulley  fixed  sufficiently 

»  Lardnei'ft  Arta,  Ac  i,  188.  ^  GrichtoD^s  Arabia,  ii,  219. 
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high  above  the  mouth  of  thi;  well,  and  then  driving  the  animal  in  a  direct 
line  from  it,  and  Co  a  distance  equal  to  its  depth,  v  hen  the  bucket  charged 
with  the  liquid  would  be  raised  from  the  bottom.  This,  the  most  direct 
and  efficient,  waa  (it  is  believed,)  the  identical  mode  adopted,  and  like 
other  devices  of  the  ancients,  it  is  still  ooniinued  by  their  descendants  in 
Africa  and  Asia.  Its  value  in  the  estimation  of  the  modems,  inay  be 
learned  from  the  fact,  thai  it  is  adopted  in  thi^  and  other  cities  for  raising 
coals,  &c.  from  the  holds  of  ships  ;  for  which  and  similai  purposes,  it  baa 
l>een  in  use  fur  ages  in  Europe.  It  has  also  been  used  to  work  pumps, 
the  further  end  of  the  rope  being  attached  to  a  heavy  piston  working  in. 
a  very  lung  chamber  or  cylinder. 


This  was  probably  one  of  the  first  operations,  and  certainly  one  of  the 
most  obvious,  where  human  labor  waa  superseded  by  thai  of  animals,  and 
.  in  accomplishing  it,  the  puUy  itself  was  perhaps  discovered.  This  mode 
b  common  in  Egypt,  Arabia.Jndia — through  all  Hindoatan,  and  various 
other  parts  of  the  eai^t.  Mr.  Elphinstone  mentions  a  lurge  well  under  the 
walls  of  the  fort  at  Bikaneer,  from  fifteen  to  twenty-two  feet  in  diaraeter, 
and  three  hundred  feet  deep.  In  this  well  four  large  fajcketa  are  used, 
each  thus  drawn  up  by  a  pair  of  oxen,  and  all  worked  at  the  same  time. 
When  any  one  of  them  was  lut  down,  "  its  striking  the  water,  made  a  noise 
like  a  great  gun."  But  simple  as  this  mode  of  raising  water  fay  animals 
is,  it  is  capable  of  an  improvement  equally  simple,  though  not  perhaps  ob- 
vious to  general  readers.  It  was  not  however  letl  to  modern  mechanicians  to 
discover,  but  is  one  among  hundreds  of  ancient  devices,  whose  origin  is 
lost  in  the  remoteness  of  titne.  It  is  this — Instead  of  the  animal  receding 
from  the  well  on  level  ground,  it  is  made  to  descend  an  inelined  plane,  so 
that  the  veight  of  its  body  contributes  towards  raising  the  load.  This  is 
characteristic  of  Asiatic  devices.  At  a  very  early  period,  the  principle 
of  combining  the  meigkl  of  men  and  animals  with  their  mugciiliir  energy^ 
in  propelling  machines,  was  ad<^>ted.  We  ahail  meet  with  other  exam- 
vlea  of  it. 

• 

PITLl.KT'    AND    TWO    BUCKKTB. 

The  addition  of  another  bucket,  so  as  to  have  one  at  each  end  of  the 
rope,  was  the  next  step  in  the  progress  of  improvement ;  and  although  so 
simple  a  device  may  nppear  too  obvious  to  have  remained  long  unper- 
ceived,  and  one  which  required  no  stretch  of  intellect  to  accomplish,  it 
was  one  of  no  small  importance,  since  it  effected  what  is  seldom  witnosaed 
in  practical  mechanics — a  saving  both  of  time  and  labor.  Thus,  by  it, 
the  empty  vessel  descended  and  became  filled,  as  tho  other  was  elevated, 


ta  Putles/  and  Tarn  Biukett.  [Book  l 

(whbou!  the  e]q>«nditure  of  any  additional  time  aod  labor  to  lower  it,  as 
with  the  iingle  bucket,)  while  its  weight  in  desoending,  contributed  towuxis 
raising  the  charged  one. 

These  advantages  were  not  the  onlj  reaulte  of  the  simple  addition  of 
another  bucket ;  though  they  were  probably  all  that  were  anticipated  by 
the  author  at  the  time.  It  really  imparted  a  11410  ^furw  to  Uie  apparatus, 
and  one  which  naturally  led  to  the  development  of  that  great  machine,  in 
which  terminated  all  the  improvements  of  the  older  mechanios  on  the 
primitive  cord  and  bucliet — and  to  which,  modem  ingenuity  has  added — 
nolhing — viz:  thb  bvdlsss  obaim  of  pots — indeed  nothing  more  was 
tlien  wanting,  but  to  unite  the  two  ends  of  the  rope  leather,  and  attach 
a  number  of  its  vessels  to  it,  nt  equal  distances  from  each  other,  through  the 
whole  of  ita  length,  and  the  machine  just  namod  was  all  but  complete. 


Fo.13.    Aneiml.  Mo.  11.    MdiImb. 
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Tlie  Atiglo  Saxons  used  two  bucketa  hooped  with  iron,  one  at  each 
end  of  a  chain  which  passed  over  a  pulley.*  And  in  the  old  Norman 
castles,  water  was  mised  by  the  same  means.  In  one  of  the  kttpi  or  (overt, 
itill  remaininfc,  which  was  built  by  Gundulph,  bishop  of  Rochester,  in 
the  reigns  of  the  Conquer<jr  and  William  Rufus,  the  mode  of  elevating 
the  water  is  obvious.  "  For  water,  there  was  a  well  in  the  very  tniddU 
of  the  partition  wall;  it  was  also  made  to  go  through  the  whole  wall,  from 
fhe  bottom  of  the  tower  up  to  the  very  leads,  (i.  e.  the  roof)  and  on  every 
floor  were  small  arches  in  the  wall,  forming  a  communication  between 
the  pipe  of  the  wall,  and  the  several  apartments,  so  that  by  a  pulley, 
water  was  communicated  every  wher^"  And  in  Newcastle,  a  similar 
tower  ezhibite  the  same  device  for  obtaining  the  wat«r:  "a  remarkable 
pillar  from  which  arches  branched  out  very  beautifully  on  each  side,  in- 
closed a  pipe,  (that  is,  the  continuation  of  the  Well,)  which  conducted 
Tater  from  the  well."''  It  appears  to  have  been,  in  the  middle  ages,  the 
uniform  pmotioe  to  enclose  wells  within  the  walls  of  towers,  that  in  case 
of  sieges,  the  water  might  not  be  out  olf  It  was  the  same  in  early 
Some :  the  cspitol  was  supplied  by  a  deep  well  at  the  foot  of  the  Tar. 
peian  Rocl^  into  which  bucketa  were  lowered  through  an  artificial  groove 
or  passage  made  in  the  roek.o  The  double  bucket  is  still  used  in  inns  in 
Spain.    See  a  figure  in  Sat  M^.  Vol.  vir.,  58. 

A  simple  mode  is  practised  in  Italy,  by  which  a  person  in  the  upper  ttory 
of  a  bouse,  and  at  some  distance  from  the  well  or  cistern,  (which  is  gen- 
erally in  the  eonrt  yard,)  raises  water  without  being  obliged  to  descend. 

One  ecj  of  a  strong  iron  rod  or  wire,  is  fixed  to  the  house  above  the 
window  cf  an  upper  landing  or  passage,  an'd  the  other  end  in  the  ground, 

■  Ebera  Aniiq.  614.         *  Itnd,  St.         •  OdrtTapagraphrvrBant^E.IOI. 
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on  the  farther  side  of  the  well  and  in  a  line  with  its  centre  as  in  No.  15. 
A  ring  which  slides  easily  over  the  wire  is  secured  to  the  handle  of  the 
bucket,  to  which  a  oord  is  also  attached  and  passes  over  a  pulley  fixed 
ftbove  the  window.     Thus  when  the  oord  is  slackened,  the  bucket  de- 
scends along  the  wire  into  the  water, 
and  when  tilled  is  drawn  up  b;  a  por> 
k  son  at  the  window.     (Kitchens  in  the 
[  houses  of  Ital;,  like  thoae  of  London 
I    and  Paris  are  often  on  the  uj^m-  fioora.) 
•   "This  mode  of  raising  water  to  the  ttp- 
I   per  stories  of  house*  is  practised  in  Ve- 
nice  and  some  other  towns  in  Italy."' 
We  are  not  acquainted  with  the  origin  of 
this  device.    From  the  circumstance  of 
the  ancient,  (as  welt  as  the  modem)  in- 
habitants of  Asia,  Greece,  Italy,  &o. 
having  had  jets  d'eau  and  tanks  of  wa- 
ter in  the  centre  of  their  court-yards, 
it  is  possible  that  this  mode  of  raising 
water  to  the  upper  floors  of  dwellings, 
may  be  of  ancient  date.     It  was  in  use 
in  the  16th  century,  and  is  described  in 
Serviere's  collection,  from  which  the 
figure  is  Uken.l>     Id  the  same  work  are 
devices  fur  raising  water  in  buckets  to 
_    .  the  tops  of  buildinss  by  pulleys,  ropes, 

Vo.  Ul    IMUanmtMlBor  nlitngnUr  loth*  ,         _f        ,,       „.r  .  JLl*^   i    "^  '^^ 

ap^tt  aoon  ot  t  hsuH.  ^^<  moved  by  water  wheels. 

Of  modern  devices  for  raising  water 
with  the  pulley  and  bucket,  the  most  efficient  is  said  to  be  that  of  Br. 
Desaguliers.  After  psssinj;  the  rope  over  a  pulley,  he  suspended  to  its 
end  a  frame  of  wood  on  which  a  man  could  stand— the  bucket  at  the  other 
end  was  made  beavier  than  this  frame,  and  therefore  descended  of  itsel£ 
The  length  of  the  rope  was  such,  that  when  the  bucket  was  at  the  bottom, 
the  frame  was  level  with  the  place  to  which  the  water  was  to  be  raised. 
As  soon  as  the  bucket  was  Riled  with  water,  for  the  admission  of  which 
a  hole  was  made  in  it9<  bottom,  and  covered  by  a  flap  or  valve,  a  man 
whose  weight  exceeded,  (with  the  frame)  that  of  the  bucket  and  water, 
stepped  upon  the  frame,  and  sunk  down  with  it  to  the  bottom,  and  oon- 
aequentlv  raised  the  bucket  of  water  to  the  required  height,  when  a  hook 
catched  in  a  hasp  at  the  side  of  the  bucket,  turned  it  over,  and  discharged 
its  ountents  into  the  reservoir.  As  soon  ua  the  bucket  was  empty,  the 
man  at  the  bottom  stepped  off  the  frame  and  ran  up  a  flight  of  stairs  made 
for  the  purpose,  to  the  place  whence  he  descended  ;  and  in  the  mean  time, 
the  bucket  being  heavier  than  the  frame,  descended  to  the  water,  and  was 
again  raised  by  the  same  process. 

Such  a  device  is  well  enough  for  philosophical  experiment,  hut  is  cer- 
tainly not  adapted  for  practJoal  purposes.  Simple  as  it  may  appear, 
there  are  requisites  necessary  to  its  efficient  application,  which  in  common 
practice  are  unattainable. 

•  0«d«irs  JDnnMj  into  Ouniola,  Itslv.  Ao.    Bdinbnrgb.  13!0,  i.  481. 

*  Recool  DthivTsgu  Curienz  dc  Uathenutiqiw  et  de  HectmiiiqDr,  no  Dnoriptina 
da  CsUnet  do  U.  Onllicr  6t  8«r*iere,  avtc  des  fifcurei  en  taiUe  dDiiee,  pw  U.  Qui- 
EST  de  ServisM,  mo  petit  fill.    A  Lyco,  1719^    The  aUer  Serricre  died  io  the  17th 
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In  the  Utter  part  of  the  16th,  or  beginning  of  the  17th  century,  a  ma- 
chine Tor  raising  water,  was  in  use  in  Italy,  which  la  entitled  to  p.irticulaF 
notice,  on  account  of  its  being  alleged  to  be  the  first  one  of  the  kind 
which  was  lel/aeUaff  ;  and  in  that  respect,  was  the  forerunner  of  the 
motive  '  Fire  Engine'  itself.     It  appears  to  have  been  tirst  described  by 
Schottus  in  his  Teehnia  Curiota.     According  to  Moxon,  his  description 
was  biken  from  one  in  actual  operation  at  "a  nobleman's  house  at  Rasil." 
(Mech.  Pow.  107.)     But  Belidor,  says  the  first  one  who  put  such  a,  thing  in 
executi<in,  was  Gironimo  finugio,  at  Rome  in  1616  ;*  although  Schottus  had 
loag  before  conirived  an  engine  for  this  purpose.     Moxon  has  given  a  figure 
and  description  of  one,  but  without  naming  tlie  source  from  whence  he  ob- 
tained it :  he  says  it  was  "  made  at  Rome,  in  the  convent  of  Sl  Maria  ds 
Victoria :  the  lesser  bucket  did  contain  more  than  a  whole  um  of  water, 
(at  Rome  th<>y  say  tin  bariU,)  but  before,  while  thoy  used  lesser  buckets, 
tile  engini'  wanted  success."     It  would  seem  that  it  was  to  one  of  theee 
'Roman  Engines;'  that  the  Marquis  of  'Woroes- 
ler  referred,  in  the  21  st  proposition  of  his  Cen- 
tury of  Inventions  :     "  How  to  raise  water  con- 
stantly with  two  buckets   only,  day  and  night, 
withoul  any  other  Jbree  than  il*  own  motion,  using 
not  so  much  as  any  force,  wheel  or  sucker,  nor 
more  pulleys  than  one,  nn  which  the  cord  or  chain 
rolleth,  with  a  bucket  fastened  at   each   end. 
This  [  confess  I  have  seen  and  learned  of  tba 
great  mathematician    Claudius,  his   studies  at 
Some,  he  having  made  a  present  thereof  unto  a 
cardinal,  and  I  desire  not  to  own  any  other  men's 
inventions,  but  if  Iset  down  any,  to  nominate  like- 
wise  the  inventor." 

The  machine  described  by  Moxon,  is  encum- 
bered with  too  many  appendages  for  popular 
illuHtrntion — its  essential  parts  will  be  under- 
stood by  the  accompanying  dingrom,  from  Ha- 
'  chette's  Trail*  Elementaire  des  Machines,  Paris, 
1819.  Over  a  pulley  S,  are  suspended  two 
vessels  A  and  B,  of  unequal  dimensions.  Th« 
smaller  one  B,  is  made  heavier  than  A  when  both 
Hre  emptv,  but  lighter  when  they  are  Riled.  It 
is  required  to  raise  by  them  part  of  the  water 
from  the  spring  or  reservior  E,  into  the  cistern 
Z.  As  the  smaller  bucket  B,  by  its  superioi 
gravity,  descends  into  E,  (a  flap  or  valve  in  ita' 
Imttoni  admitting  the  water,)  it  consequently 
raises  A  into  the  position  represented  in  the 
figure.  A  pipe  F,  then  conveys  water  from  the 
reservoir  into  A,  the  orifice  or  bore  of  which 
pipe,  is  so  proportioned,  that  both  vessels  are 
filled  timvllaneoiiilg.  The  larger  bucket  then  pre- 
ponderates, descending  to  O,  and  B  at  the  same 
time  rising  to  the  upper  edge  of  Z.  when  the 
projecting  pins  O  O,  catch  against  olhers  on  the 
lower  side  of  the  buckets,  and  overturn  them  at 
■  »  n  I  1-  A  t  '~  the  same  moment.  The  bails  or  hnndles  are  aU 
SSiEwi."         "•  tached  by  swivels  to  the  aide,  a  little  above  the 
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centre  of  gravity.  As  f^oon  as  both  vessels  are  emptied,  B  again  pre- 
ponderated, and  the  operation  is  repeated  without  any  attendance,  as 
long  as  there  is  water  in  £  and  the  apparatus  continues  in  order. 

In  Moxon^s  maehine,  the  vessels  were  filled  by  two  separate  tubes  of 
unequal  bore ;  the  orifices  being  covered  by  valves,  to  prevent  the  es- 
cape of  water  while  the  bucicets  were  in  motion ;  these  valves  were 
opened  and  closed  by  means  of  cords  attached  to  the  buckets.  The  efflux 
through  F  in  the  figure,  may  easily  be  stopped  as  soon  as  A  begins  to  de- 
soend,  by  the  action  of  either  bucket  on  the  end  of  a  lever  attached  to  a 
valve,  or  by  other  obvious  contrivances.  The  water  discharged  from  A, 
runs  to  waste  through  some  channel,  provided  for  the  purpose.  These 
machines  are  of  limited  application  since  they  require  a  fall  for  the  de- 
scent of  A,  equal  to  the  elevation  to  which  the  liquid  is  raised  in  B.  They 
may  however  be  modified  to  suit  locations  where  a  less  descent  only  can 
be  obtained.  Thus,  by  connecting  the  rope  of  B  to  the  periphery  of  a 
large  wheel,  while  that  of  A  is  united  to  a  smaller  one  on  the  same  axis, 
water  may  be  raised  higher  than  the  larger  bucket  falls,  but  the  quantity 
raised  will  of  course  be  proportionately  dimin'-!ied. 

In  Serviere's  Collection,  a  Gaining  and  Losii-u  Bucket  Machine  is  de- 
scribed. Another  one  was  invented  in  1725,  b;  George  Gerves  an  Eng- 
lish carpenter,  who  probably  was  not  aware  that  he  had  been  anticipated 
by  continental  mechanics  upwards  of  a  century  bef*)re.  He  erected  one 
in  Buckinghamshire,  which  was  much  approved  of  by  Sir  Isaac  Newton, 
Beighton,  Desagjllers,  Switzer,  and  others.  Mr.  Beighton,  who  drew  up 
a  description  of  it^  observes  that  it  was  so  free  from  friction,  that  **  it  is 
likely  to  continue  an  age  without  repair ;  and  Dr.  Desaguliers  on  insert- 
ing an  account  of  It  m  his  Experimental 'Philosophy,  vol.  ii,  461,  says, 
^  this  engine  has  not  been  out  of  order  since  it  was  first  set  up,  about  fif^ 
teen  years  ago."  Notwithstanding  these  favourable  testimonials,  it  has 
fietllen  into  disuse.  It  was  much  too  complex  and  cumbersome,  and'  of  too 
limited  application  ever  to  become  popular. 

The  principle  of  self-action  in  all  these  machines  is  no  modem  discovery, 
for  it  was  described  by  Heron  of  Alexandria,  who  applied  it  to  the  open- 
ing and  closing  the  doors  of  a  temple,  and  to  other  purposes.  The  mo- 
tive bucket  when  filled,  descended  and  communicated  b}'  a  secret  cord 
the  movement  required,  and  when  its  contents  \«'ere  discharged  (by  a  si- 
phon similar  to  the  one  figured  in  the  Clepsydra  of  Ctesibius,  in  our  fiflh 
book,)  it  was  again  raised  by  a  weight  at  the  <jther  end  of  the  cord,  like  the 
bucket,  in  the  last  figure.  See  De  Naturse  Simla  scu  techniea  inacro- 
oosmi  historia,  by  Robert  Fludd,  (the  English  Rosicrucim.)  Oppenhelm, 
1618,  pp.  478  and  489,  where  several  similar  contrivauccj  are  figured — 
hence  the  device  is  much  older  than  has  been  supposed.  Perhaps  the 
best  modification  of  the  'Gaining  and  Losing  Bucket',  is  Francini's,  a  de- 
scriptioc  of  which  may  be  seen  in  our  account  of  the  Endless  Chain  of 
Pots. 

A  lever  machine  described  by  Dr.  Desaguliers  may  here  be  noticed.  "  AA, 
(No.  17,)  are  two  spouts  running  from  a  gutter  or  spring  of  water,  into  the 
two  buckets  D  and  E.  D  containing  about  thirty  gallons  and  being  called 
the  losing  bucket,  and  E  the  gaining  bucket,  containing  less  than  a  quarter 
part  of  D,  as  for  example  six  galloQa.  D  E,  is  a  lever  or  beam  movable 
about  the  axis  or  centre  C,  which  is  supported  by  the  pieces  F  F,  be- 
tween which  the  bucket  D  cjin  descend  when  the  contrary  bucket  E  is 
raised  up,  D  C,  is  to  C  E,  as  one  is  to  four.  G  L  is  an  upright  piece, 
through  the  top  of  which  the  lever  K  I  moves  about  the  centre  I^ 
fiometimes  resting  on  the  prop  H,  and  sometimes  raised  from  it  by  the' 
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presBure  of  the  arm  G  E  oq  the  end  L  The*  bucket  D  ^^-ben  empty,  hm 
Its  mouth  upwards,  beinff  suspended  as  above  mentioned.  The  end  D 
with  its  bucket  is  also  lighter  than  the  end  with  the  bucket  S,  when  both 
are  empty.  By  reason  of  the  different  bore  of  the  spouts,  D  is  filled  al« 
most  as  soon  as  £,  and  immediately  preponderating,  sinks  down  to  D, 
and  thereby  raises  the  contrary  end  of  the  lever,  and  its  bucket 
up  to  the  cistern  M,  into  which  it  disohai^es  its  water ;  but  immediately 
the  bucket  D  becoming  full,  pours  out  its  water,  and  the  end  of  the  lever 
£  comes  down  again  into  its  horizontal  situation,  and  striking  upon  the 
end  I  of  the  loadeid  leaver  I  K,  rabes  the  weight  K,  by  which  means  the 
force  of  its  blow  is  broken.  LP  the  distance  A  B  or  &U  of  the  water  be 
about  six  feet,  this  machine  will  raise  the  water  into  the  cistern  M  twenty 
four  feet  high.  Such  a  machine  is  very  simple  and  nmy  be  made  in  any 
proportion  according  to  the  fall  of  the  water,  the  quantity  aUowed  to  he 
wasted,  and  the  height  to  which  the  water  must  be  raised.'' 


Ha  17.    GAliaiig  ind  Losing  BiidMta. 

**  Some  years  ago,"  Dr.  Desaguliers  continues,  **  a  gentleman  showed  me 
a  model  of  such  an  engine  varying  something  from  this,  but  so  con- 
trived as  to  step  the  running  of  the  water  at  A  A,  when  the  lever  D  E 
began  to  move.  He  told  me  he  had  set  up  an  engine  in  Ireland  which 
iaised  about  half  a  hogshead  of  water  in  a  minute,  forty  feet  high,  and 
did  not  cost  forty  shillings  a  year  to  keep  it  in  repair,  and  that  it  was  not 
very  expensive  to  set  up  at  first"    Experimental  Philosophy,  vol.  i,  78. 

There  is  a  singular  histori6al  fact  connected  with  the  use  of  budcets  to 
raise  water  from  wells,  which  will  serve  to  conclude  this  part  of  the  sub- 
ject Every  person  knows,  that  war  between  nations  nas  c^en  arisen 
from  the  most  trifling  causes ;  when  thousands  of  human  beings,  alike 
ignorant  and  innocent  of  its  origin,  hired  by  its  authors,  armed  with 
murderous  weapons  and  incessanUy  exercised  in  the  use  of  them,  are 
marshaled  into  the  presence  of  a  similar  host ;  when  both  being  stimu 
lated  by  inflammg  addresses,  and  often  excited  by  ardent  spirits,  destroy 
each  other  like  ii^uriated  tigers !  Then  after  one  party  is  overcome,  the 
other  glorying  in  the  slaughter,  hail  their  leader  a  hero^  and  not  infre. 
qaently  do  that,  which  fiends  would  shudder  to  think  of— viz.  return 
oianka  to  the  benign  Scwhur  of  m^  for  having  enabled  them  thus  to  d$- 
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ttrcy  their  specief ;  and  to  produce  an  anoount  of  misery,  as  evinced  in  the 
shrieks  of  the  wounded — ^the  agonies  of  the  dying — the  unutterable  pangs 
of  widows,  and  the  untold  sufferings  of  orphans — that  would  suffice  to 
draw  tears  from  demons  !  And  all  this  for  whati  Why,  at  one  time,  ac- 
oording  to  Tasso,  and  it  is  degrading  to  our  nature  to  repeat  it,  because 
some  Uiieves  of  Modena  stole  a  bucket  belonging  to  a  public  well  of  Bo- 
logna/ This  fatal  bucket  is  still  preserved  in  the  cathedral  of  Modena — 
a  memorial  of  a  sanguinary  war,  and  of  the  evils  attending  the  most  hor* 
lible  of  all  human  delusions,  milUanf  glory. 

**•  In  the  year  1005,  some  soldiers  of  the  commonwealth  of  Modena  ran 
away  with  a  bucket  from  a  public  well,  belonging  to  the  State  o(  Bologna. 
This  implement  might  be  worth  a  shilling;  but  it  produced  a  bloody 
quarrel  which  was  worked  np  into  a  bloody  war.  Henry,  the  king  of 
Sardinia,  for  the  Emperor,  Henry  the  second,  assisted  the  Modenese  to 
keep  possession  of  the  bucket ;  and  in  one  of  the  battles  he  was  made 
prisoner.  His  father,  the  £mperor,  offered  a  chain  of  gold  that  would 
encircle  Bologna,  which  is  seven  miles  in  compass,  for  his  son's  ransom, 
but  in  vain.  After  twenty-two  years'  imprisonment,  and  his  father  being 
dead,  he  pined  away  and  died.  His  monument  is  still  extant  in  the 
church  of  the  Dominicans.  This  fatal  bucket  is  still  exhibited  in  the 
tower  of  the  cathedral  of  Modena,  enclosed  in  an  iron  cage." 

Materials  of  Bucksts. — Neptune  and  Andromache  watered  horses 
with  metallic  ones.  Both  Qreeks  and  Romans  had  them  of  wood,  metal, 
and  leather.  Sometimes  wooden  ones  were  hooped  with  brass.  One  of 
these  was  found  in  a  Roman  barrow  in  England.  The  ancient  British 
had  them  without  hoops  and  cut  out  of  solid  timber.  The  Anglo  Saxons 
made  them  of  stavcii  as  at  present.  Those  of  the  old  Egyptians  were 
of  metal,  wood,  skins,  or  leather,  and  probably  of  earthenware.  See 
figures  in  llih  and  13th  chapters.  We  have  given  figures  of  some  metal- 
lic ones  discovered  in  Pompeii,  in  Book  II.  The  bucket  of  Bologna  is 
formed  of  staves  and  bound  with  iron  hoops.* 

The  old  error  that  *  water  has  no  weight  in  water,'  arose  from  not  per- 
ceiving the  weight  of  a  bucket,  until  it  was  raised  out  of  the  liquid  in  which 
it  was  plunged. 

Although  poetry  is  foreign  to  the  design  of  this  work,  and  cold  water 
is  not  remarkably  inspiring,  nor  a  bucket  a  very  poetical  object,  yet  the 
following  beautiful  lines  of  S.  Woodworth,  on  '  The  bucket,'  are  as  re- 
freshing in  the  midst  of  a  dry  discussion  as  a  draught  of  the  sparkling 
liquid  to  a  weary  traveller  of  the  desert.^ 

That  moss-covered  vessel  I  hail  ss  a  treasure ; 

For  often  at  noon,  when  retamod  from  the  field, 
I  found  it  the  source  of  an  exquisite  pleasure, 

The  purest  and  sweetest  that  nature  con  yield. 

How  ardent  I  seised  it,  with  hands  that  were  glowing. 
And  quick  to  the  white-pebbled  bottom  it  fell : 

nien  soon,  with  the  emblem  of  truth  overflowing, 
And  dripping  with  coolness,  it  rose  from  the  well. 

Bow  sweet  from  the  green  mosqr  brim  to  receive  it. 

As  poised  on  the  curb  it  inclined  to  my  lips ! 
Not  a  full  blushinff  goblet  could  tempt  me  to  leave  it, 

Oniough  filled  with  the  nectar  that  Jupiter  sips. 


•  MisBoa's  Travels,  iii,  827,  and  Keysler's  TVavels,  iii,  1S8. 

^  They  have  been  enoneoudy  attributed  to  the  British  Poet  Wordsworth. 
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CHAPTER    X. 

ThuWIndUM.'  IMorlgliii 

CblDCH  slndlaH— Olbu-  Ini 
■«;  lu  ■pplluUnD  ID  ntH  wiltr  rroniHBlIt-  lu  InreBlor  not  kncwn.  WbHiand  pIdIdh— Anglo* 
SuoD  orus— Dratn  (ItMbrd  laUe  wlndlsH  ivllpr,  aod  [nmed  b;  ■  rope ;  Uud  In  BInnib.  EDglunl, 
Ac  Trawl  wbe«b :  OimI  bf  tli*  Andaala— Uoved  b}  dmd  tad  rirlnni  mlmali — Jack*— HorltantU 
tnid  whtA— ODminon  irbaelor  iia,paUD.  ObHrrallixu  on  tM  Inlmductloairftabls  forka  IsloEoiopft 

THB   WINDLASS. 

Althohoh  it  may  never  be  knovD  to  whom  the  world  is  indebted  for 
the  windlati,  there  are  circumstances  which  point  to  the  construction  of 
wells  and  raising  of  water  from  them,  as  among  the  first  uses  to  which  it, 
as  well  as  the  pulley,  was  applied.  The  windlass  possesses  an  important 
advantage  over  the  nngk  pulley  in  lifting  weights,  or  overcoming  any 
resistance;  unoe  the  intensity  of  the  force  transmitted  through  it  can 
be  modified,  either  by  varying  the  length  of  the  crank,  or  the  circam< 
ference  of  the  roller  on  which  the  rope  is  coiled.  Sometimes  a  single 
vessel  and  rope,  but  more  frequently  two,  are  employed,  as  in  the  figure, 
No.  16. 


Kd.  la    Windla*    Froni  KlfObur  .  MiimlnaaublerraDful. 

The  buckets  are  suspended  from  oppomte  sides  of  the  roller,  the  rop« 
winding  round  it  in  different  directions,  so  that,  as  one  ascends,  the  other 
descends.  Pliny,  in  his  Natural  History,  six,  4,  mentions  this  machine  as 
used  by  the  Romans  for  raisiiig  water ;  and  in  the  Sftlh  book,  cap.  xr, 
when  speaking  of  a  canal  for  draining  the  marsh  Fuemvx,  part  of  which 
passed  through  a  mountain,  he  says  the  water  which  flowed  in  upon  the 
worlimen  was  raised  up  "with  device  of  engines  and  windltt."  As  there 
was  not  any  apparatus  attached  to  the  public  wells  in  Greek  and  Romaa 
cities,  or  if  so,  to  a  very  limited  extent,  it  is  prohable  the  windlass  was 
chiefly  used  in  the  country,  where  its  application  to  deep  wells  was  per- 
haps as  common  as  it  is  in  other  parts  of  the  world  at  the  present  time. 

It  has  always  been  used  in  raising  ore  and  water  from  mines.  AgricoU 
hu  given  several  figures  of  it  as  employed  in  those  of  Hungary,  wh'era 
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it  hu  probably  been  in  uninterrupted  uae  nuce  the  Roman  era.'  Somo- 
time*  it  was  placed  on  one  side  of  the  well,  and  at  a  abort  diatanoe  from 
it,  the  rope»  passing  through  pulleys  that  were  Buspended  over  its  mouth. 
Bf  this  arrangement  water  may  be  raised  to  any  required  height  above 
ifaewiudlass;  Hn  advantage  in  some  cases  very  desirable,  Bdidor  has 
givea  a  similar  figure,  and  observea  thitt  such  machines  were  extensively 
used  in  the  Low  Countries.'  ^metimea  a  series  of  pulleys  were  com- 
bined with  it  In  ao  old  work,  we  have  seen  the  windlass  attached  to  a 
lug«  tub  in  which  water  or  coal  was  raised,  so  that  one  or  more  persons 
might  ascend  and  descend,  without  the  aid  of  others  on  the  surface  of  tbo 
ground ;  the  ropea  l>eing  passed  through  a  block  above  the  mouth  of  the 
pit.*  It  is  very  probable  that  tbese  applications  of  li  were  known  to  tbo 
Greeks  and  Romans.  Switzer,  in  his  '  Hydri>8iaticB,'  says,  the  ancienta 
uued  the  windlass  for  raising  water,  and  that  all  their  machines  of  a  similar 
eonstruction  were  classed  under  the  general  name  ot  Budromia. 

Here  is  a  ven  peiuliar  and  exceedingly  ingenious  modification  of 
tbe  windlass,  wbicli  may  here  be  noticed,  and  fur  which  we  are  indebtH 
to  the  Chinese.  It  fumisbea  the  means  of  increaung  mechanical  energy 
to  almost  any  extent,  and  as  it  is  used  by  them  to  raise  water  from  some 
of  tbiise  prixligluusly  deep  wells  already  noticed,  (p.  30,)  a  figure  of  it, 
(No.  19,)  is  inuert^d.  liie  roller  oonaists  of  two  parta  of  unequal  ili- 
araotera,  to  the  extremities  of  which,  the  ends  of  the  rope  are  fastened  on 
opposite  sides,  so  as  to  wind  round  boib  parts  in  different  directions.  As 
the  load  to  be  raised  is  suspended  to  a  pulley,  (See  lig.)  every  turn  of  tlie 
roller  raises  a  portion  ol'the  rope  equal  to  the  circumference  of  the  thicker 
pnrt,bul  .-it  the  same  lime  lets  down  a  portion  equal  to  that  of  the  smaller; 
consequent!,.'  the  weight  is  rnised  at  each  turn,  through  a  apace  equal  only 
to  half  the  uiderence  between  the  circumferences  of  the  two  parts  of  th« 
roller.  The  action  of  this  machine  is  therefore  slow,  but  the  ice<^i>anica] 
advantages  are  proportionably  great.^ 


r 


^^^ 


XaK    OIbth  Windlaw. 

This  is  the  neatest  and  mo^t  si 
that  human  ingenuity  has  devised, 
mechanical  scienoe  were  well  understood 


FtUH  WlBdtaH. 


iple  modification  of  the  wheel  and  axle 

,  and  is  a  proof  that  the  principles  of 

'    remote  i^ea ;  for  every  rae- 


•  De  ReH«ta1Iica.  Bwil  ISGI.p.  IIS.  119.  l«a 

•  ArchitMtnre  Hvdreulique.  loro.  3,  p.  S8S. 

•  Bmsdii'"  lli^tni  des  IniVumeos  HHtbeniatiqiHe  et  MadMbiqwa 
* '  Tbs  Otmrne;  ij  J.  P.  D«vi«,  vti  it,  ise. 
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chanician,  we  think  will  admit,  that  mechanical  tact  and  ingenuity,  unaided 
by  scientific  knowledge,  oould  never  have  devised  it  It  exhibits  a  species 
of  originalitv  so  unique,  so  simple  and  efficient,  that  evidently  shows  it  to 
have  been  tne  conception  of  no  common  mind.  At  what  time  it  was  first 
taken  to  £urc;p't,  we  have  not  ch^  means  of  ascertaining.  It  has  but  re- 
cently, i.  e.  comparatively  4K>,  l^eeti  described  in  books.  We  are  not 
aiivare  of  its  luiving  cm^t:  noticed  in  lUiy,  previous  to  the  last  half  century. 
h  appears  to  have  been  introdiiccd  112(9  several  other  standard  machines 
from  the  same  source,  so  gradually,  thAt  the  precise  period  of  its  first  ar- 
rival cannot  easily  be  determined,  (yonsidering  the  long  period,  during 
which  European  nations  have  maintaintnl  an  intercourse  with  the  Qiinese, 
the  recent  introduction  of  this  machine  may  appear  singular ;  but  very 
little  IS  yet  known  of  that  people,  although  an  intimate  acquaintance!  witli 
their  arts,  would  probably  enridi  us  with  treasures  more  valuable  than 
their  teas  and  their  porcelain. 

lliere  is  a  large  debt  of  gratitude  due  to  the  Chip««e,  which  has  never 
hefm  sufficiently  acknowledged.  It  is  to  them,  we  ar«  indebted  for  some 
of  (he  most  important  discoveries  connected  with  the  present  state  of  the 
arts  and  sciences.  From  them  was  derived  the  chief  of  aU  arts,  pRiNTiNOy 
and  even  movable  types,  and  that  invaluable  acquisition,  the  mariner's 
compass;  peculiar  stoves,^  chain-bridges,  spectacle:^,  silver  forks, >*  Indin 
uik,<^  chain-pump,  winnowing  machine,^  besides  many  others ;  and  to  cor- 
rect a  popular  error,  which  attributes  to  our  felluw  citizens  of  Connco> 
licut,  the  invention  of  '  wooden  hams,'  it  may  as  well  be  remarked,  that 
these  are  also  of  Chinese  origin.  Le  Comte,  say?^  they  are  so  adroitly 
constructed,  that  numerous  buyers  are  constantly  deceived:  iJuvi  ire- 
quently  it  is  not  till  one  is  boiled  and  ready  to  be  eaten,  that  it  is  discovered 
to  be  ^nothing  but  a  large  piece  of  wood  under  a  bog's  «kin."  But  if 
China  has  pr^uced  specimens  of  dishonest  ingenuity,  she  has,  in  the 
irea(Lmill^  furnished  one  of  the  greatest  terrors  to  evil  doers. 

A  large  Fusee  is  sometimes  used  in  place  of  the  cylindrical  roller  of  a 
windlass,  especially  in  wells  of  great  depth,  ^hen  a  bucket  is  at  the  bot- 
tom, and  the  weight  of  a  long  rope  or  chain  haA  to  be  overcome  in  ad- 
dition to  that  of  the  water,  it  is  accomplished  more  eesil^  by  winding  up 

•  «•  Thege  itowet  are  extremely  ooaTenient^  and  desenre  to  be  made  known  uniTersally 
in  on:  oountrv.  Some  of  our  company  Uxk  such  atoyet  with  them  to  Gk>tienbarg,  aa 
'Aodela  for  dnoae  who  might  want  tn  know  their  cooatnictioii.'*  Oabeek'a  Voyage  to 
China,  voL  i,  822. 

*>  **llie  uae  of  silver  forks  with  na,  by  some  of  our  spnioe  gallanta  taken  up  of  lata^ 
came  from  China  to  Italy,  and  from  thence  (o  E^glaud.*  Heylin'a  Cosmogr^diy,  Lon. 
1670.  p.  86fi. 

•  llie  secret  of  making  it,  was  brought  by  a  Dutch  sopercargo  to  Gdttiqgen  in  1758, 
and  there  diyulfed.    Lon.  Mag.  for  1766.  p^  408. 

'  This  was  i£o  hronght  fimt  to  Holland  in  the  beginning  of  the  18th  oentniy,  wtience 
it  aoon  n^iread  over  Europe.  It  waa  carried  to  SOTtlaod  in  1710.  Walter  Scolt  baa 
inoorpomted  in  one  of  his  novels,  an  historic  ^1  fact  relating  to  the  superstition  of  hia 
countrymeh  nrvpeoting  it  When  first  intrrvhiced,  the  reli^pous  feelings  td  Kim«  were 
greatly  shocked  at  an  invention,  by  which  artificial  whirl wuids  were  produced  bi  calm 
weather,  whvn,  as  they  supposed,  it  was  tlie  will  of  6ud  for  Ihs  air  to  rvmaiii  sliU.  As 
they  oonaidered  H  a  moral  duty  to  wait  patiently  kir  a  natural  wind,  to  sejiarate  the 
<kn(t  from  their  wheats  they  locked  upon  the  nao  of  this  machine,  as  rebellion  against 
h«»Ten,  and  aa  attempt  to  tak«i  (ite  govemuieiit  of  the  world  out  of  the  Creator^a 
bendal    Constant  readers  of  the  Vtble,  thu  moie.  auperatitiotts  bf  the  Corenanters  inur- 


ing graan."  The  firdt  on^,  waa  made  in  Bfaasaohusetts,  **by  the  dirsctianB  of  a  ffsntla- 
man  in  tl.c  JemieC  durw^  the  same  year.  Loa  Mag.  for  1761.  p.  878.  DamT  0U> 
rcL  h.  8dl. 
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the  Top«  on  tlw  watM  end  of  the  fniee;  and  u  the  length  diminiahM,  It 
coils  round  the  larger  part,  (See  No.  20,  which  ia  however  maoouraleljr 
drawn — aa  the  bucket  is  at  the  top  of  the  well,  it  should  have  been  repra 
sauted  as  suspended  from  the  lai^  end  of  the  fusee.)  The  value  of  a  d»< 
vice  like  this  will  be  appreciated  when  the  great  depth  of  some  welb 
is  considered,  and  the  consequent  additional  weight  of  the  chains.  In 
the  fortress  of  Dresden  is  a  well,  eighteen  hundred  feet  deep ;  at  Spnn- 

fpnbui^h  one  of  si  it  J  toises;  at  Homberg,  one  of  eighty;  at  August- 
iirtcK  is  a  well  at  which  half  an  hour  is  required  to  raise  the  bucket; 
aid  at  Nuremburgh  another,  sixteen  hundred  feet  deep.  In  all  these,  the 
watrr  is  raised  by  chains,  and  the  weight  of  the  last  one  is  stated  to  be 
upwards  of  a  ton:  Misaon,  (vol.  i,  116,}  say*  three  thousand  ponnds. 

It  is  to  be  regretted  that  the  name  of  the  inventor  of  the  fusee,  and  tb« 
dale  of  its  origin,  are  alike  unknown.  It  forms  an  essential  part  in  the  mo- 
clisni^in  of  ordinary  watches;  for  without  it  they  would  not  be  correct 
meannrere  of  time.  Every  person  knows  that  the  moving  power  in  a 
clock  is  a  weight,  and  that  the  various  movements  are  regulated  by  « 
pendulum ;  but  neither  weights  nor  pendulums  are  suited  to  portable 
docks,  or  watches;  hence  a  spiral  spring  is  adopted  as  the  tirst  mover  in 
the  latter,  snd  when  coiled  up,  as  it  is  by  the  act  of  '  winding  up'  a  watch, 
the  force  which  it  exerts,  imparta  motion  to  the  train  of  wheels;  but  aa 
this  force  gradually  diminishes  as  the  spring  unwinds,  the  velocity  of  the 
train  wonid  diminish  also,  if  some  mode  of  equalizing  the  eSect  of  Ihia 
varying  force  was  nut  adopted  :  It  is  the  fusee  which  does  this,  by 
receiving  the  energy  of  (he  spring  when  at  its  maximum,  on  ita  touiler 
end ;  and  as  this  energy  diminishes,  it  acta  on  the  larger  parts,  as  on  the 
ends  of  levers,  which  lengthen  in  the  same  ratio  aa  the  force  that  moves 
Hum  is  diminished. 


Ho.  II.    WlxAui  wtik  ooi-vlwd  od  plaloa. 

In  another  modilication  of  the  windings,  a  eog-aketl  \a  Rxed  to  one  end 
of  the  roller,  and  moved  by  a  pinion  that  is  secured  on  a  separate  shaft,  and 
turned  by  a  crank,  as  in  the  %ure.  By  proportioning  the  diameter  of  tba 
wheel  and  that  of  the  pinion,  (or  the  number  of  teeth  on  einih)  aoocrding 
to  the  power  employed  ;  a  bucket  and  its  contents  may  be  raised  from 
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any  depth,  ■inee  >  diminution  in  the  velocity  of  the  wheel  from  s  Rinsller 
pinion,  is  acooinpinied  with  an  increase  of  the  energy  truiEinitted  to  the 
roller  and  vua  vma. 

The  Greeks  and  Romans  employed  the  wheel  and  pinion  in  several  of 
their  war  engines,  and  in  various  other  maciiinery.  Part  of  a  cog-wheel 
was  discovered  in  Pompeii.  They  probably  were  also  employed,  ai  in 
No.  21,  to  raise  water  from  deep  wells,  a  purpose  for  which  they  have 
been  long  used  in  Europe.     See  Belidor,  torn.  ii.  liv.  4.     From  some  ex* 

EerimentB  made  hy  Mr.  Robertson  Buchanan,  it  was  ascertained  that  the 
ibnr  of  a  man  in  working  a  pump,  turning  a  winch,  ringing  a  bell,  and 
rowing  a  boat,  might  be  represented  respectively  by  the  numbers,  100, 
1 67,  227,  and  248 ;  hence  it  appears  thai  the  effect  of  a  man's  labor  in 
turning  a  windlass  is  fifty  per  cent,  more  than  in  working  a  pump  in  the 
w^inary  way  by  a  lever. 

As  a  man  cannot,  with  effect,  apply  hti 
atri-ngth  conveniently  to  a  crank  that  de- 
acrilm  a  circle  exceeding  three  or  four  feet 
in    diameter,    another    ancient    contrivance 
enabled  him  to  transmit  it  through  a  series  of 
revolving  levers,  inserted  into  one  or  both 
enda  of  the  roller;  and  which  extended  to  a 
greater  distance  from  the  centre  than  the 
crank,  as  in   the  copperplate  printing  press, 
the  steering  wheel  of  ships  and  steam  ves- 
sels, and  numcroui  other  apparatus  employed 
m  the  arts.     It  was  formerly  used  to  raiM 
water   in    buckets   from    mines    and    wells, 
Kg. M.  Anglo Bura cnm      luid  even  to  work  pumps:  (carfts  being  se- 
cured to  the  roller,  raised  the  piston  rods  in  a 
manner  similar  to  the  common  stamping  mills.)     Agripola  has  figured  it 
as  applied  to  both  purposes.     De  Re  MeUUica,  118,  129,  141.     No.  23 
Is  an  example  of  its  application  by  the  Anglo  Saxons,  from  Slrutt's  An- 
tiquities. 


There  oannot  be  a  mora  expeditious  way  to  raise  water  from  a  deep 
well,  than  to  make  a  large  wheel,  [drum]  at  the  end  of  the  winiorT 
that  may  be  two  or  three  times  the  diameter  of  the  winlace,  oil 
which  a  flmaUer  and  longer  rope  may  be  wound,  than  that  which  raises 
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tlie  bucket,  bo  that  vhen  the  bucket  is  in  'ho  well,  th«  Mine  rope  is  all 
wound  on  the  greater  wheel,  [drurnj  die  end  uhereof  m&y  be  taken  on 
the  shoulder,  and  the  man  may  walk  or  run  forwards,  till  the  bucket  be 
drawn  up.  The  bucket  may  have  a  round  hule  in  the  midst  of  the  bot- 
tom with  a  cover  fitted  to  it,  like  Che  sucker  of  a  pump,  that  when  tl» 
bucket  resti  on  the  water,  the  whole  may  open  and  the  bucket  fill,"  D'uy 
tionarium  Rusticum,  Lon.  1704.     Sec  No.  23. 

Thi^  is  one  of  the  tiioJes  of  raising  heavy  weights,  deseribed  by  Vitru. 
viufi,  in  Book  X  of  Lis  ArchitecCur»,  and  is  so  figured  in  some  of  the  old 
editions,  that  of  Barbaro  for  example.  Venice  1567.  It  appears  to  have  been 
adopted  Ui  raise  wat«r  from  the  deep  wells  c>f  Asia  in  ancient  times,  and 
is  gtill  continued  in  uae  there.  In  !Jym's  EinbaMy  to  Ava,  there  is  a  notice 
of  the  Petroleum  Wells,  iLo  oil  from  wluch  is  universally  employed 
throughout  the  Birraan  empire.  One  which  he  examined  was  four  feet 
square,  and  thirty-seven  fathoms,  [223  fu«t]  doep.  The  water  and  oil 
"  were  drawn  up  in  an  iron  pot,  fastened  to  a  rope  passed  over  a  wooden 
cylinder,  which  revolves  on  an  axis  supported  by  two  upright  posts. 
When  the  pot  is  filled,  two  men  take  the  rope  by  the  end,  and  run  down 
a  declivity,  which  is  cut  in  the  ground  to  a  distance  equivalent  to  the  depth 
of  the  well ;  thus  when  they  reach  the  end  of  their  track,  the  pot  is 
nused  to  its  proper  elevatiDn."*^  The  contents,  water  and  oil,  are  then  dis- 
diai^d  into  a  cistern,  and  the  water  is  afterwards  drawn  off  through  a 
hole  in  the  bottom.  A  ratchet  wheel  and  click  to  detain  the  bucket  whec 
elevated,  would  enable  a  single  person  to  work  this  madiine,  or  the 
bucket  might  be  suspended  to  ita  bull  by  swivels,  and  overturned  at  the 
(op  by  a  catoh,  as  in  No.  Id,  ■ 


NO.M.  Trad  wind. 

Another  mode  of  eoinmunicating  motion  to  the  roller,  is  by  means  of « 
trtad  whetl,  attached  like  the  drum  in  figure  23,  to  one  end  of  it.  In 
this,  a  man  or  an  animal  walks  or  rather  climbs  up  one  side,  somewhat 
like  a  squirrel  in  ita  cage,  and  by  his  weight  turns  the  wheel,  and  raises 
the  water,  as  represented  in  No.  24. 

This  appears  to  haye  been  a  common  mode  of  applying  human  effort 
among  the  ancients.     Some  of  their  cranes  for  raising  columns  and  other 
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hoavy  weight|,  were  moyed  by  tread  wheels,  (Yitniyiua,  z,  4.)  A  fignra 
of  one  is  preserved  in  a  biw^relief,  in  the  wall  of  t!ie  aiarket  place  at  Ga* 
pua.*  Like  other  ancient  fie  vices  for  raising  water  it  tias  been  continued 
in  use  in  Europe  since  Roman  times,  and  is  described  by  most  of  the  old 
writers  on  hydraulics.  Agricola  figures  it  as  used  in  the  mines  of  Grer* 
many.  *'  To  raise  water  from  a  deepe  well,"  says  an  old  English  writer, 
^  some  use  a  large  wheele  for  man  or  beast  to  walk  in.**  At  iV/<^,  two 
men  raised  rhe  water  from  a  deep  well,  by  walking  in  one  of  these  wheels. 
It  is  the '  Keiuish  fashion,'  according  to  Fosbroke,  the  wheels  being  pro* 
polled  both  by  men  and  asses.  The  Anglo  Saxons  and  Normans  also  used 
them  for  drawing  water. 

Whether  the  Greeks  and  Ronums  employed  animals  in  tread  wheelsi 
t/e  know  not,  but  the  practice  is  viTy  old,  and  from  the  obvious  advan* 
tage  of  quadruped:^  ov-er  biped  man  in  climbing  ascents,  it  is  probable 
that  they  were  so  employed  by  the  ancients.  Oxen,  horses,  mules,  asses^ 
dogs,  goats  and  bears,  have  all  been  used  to  propel  these  wheels  and  to 
raise  water  by  them.  At  Spangenburgh,  water  was  raised  from  the 
well  mentioned  in  a  previous  chapter,  by  an  ass.  In  the  Isle  of  Wight^ 
Eng.  one  was  thus  engaged  for  the  extraordinary  period  of  forty  years, 
ih  raising  water  from  a  well  two  hundred  feet  deep,  which  was  supposed 
to  have  been  dug  by  the  Romans.  Long  practice  had  taught  the  animal 
to  know  exactly  how  many  revolutions  were  required  to  raise  the 
bucket;  when  by  a  backward  movement  he  would  instantly  stop  the 
wheel.  Goals  are  remarkable  for  scaling  precipices,  and  thensfore  seem 
well  adapted  for  this  kind  of  labor.  In  Europe,  they  are  employed  to 
raise  both  water  and  ore  from  mine%  by  tread  wheels.  In  the  Quipter 
on  the  Chain-Pump  we  have  inserted  a  cut  from  Agricola,  representing 
them  thus  engaged.  But  of  the  larger  animals,  if  there  is  one  better 
adapted  than  another,  from  its  conformation  and  habits,  it  is  the  Bear;  and 
it  is  not  a  little  singular,  that  the  Ooths  actually  employed  that  animal  in 
•uch  wheels  to  raise  water> 

It  is  probable  that  the  Chinese  have  from  remote  times  employed  Ya 
rions  animals  in  them ;  this  we  infer  from  a  remark  of  one  of  their  wri 
ters,  quoted  by  Dr.  Milne.  In  exhorting  husbands  to  instruct  their 
wives,  he  enooui^ages  them  in  the  arduous  task  by  reminding  them,  that 
'^even  monkeys  may  be  taught  to  play  Bntioa-^doffs  may  be  taught  to  tread 
in  a  mill — cats  may  be  taught  to  run  round  a  cylinder y  and  parrots  may 
be  taught  to  recite  verses;'^  and  hence  he  concludes  it  possible  to  teach 
women  »«>i.ictliirtj!o  Many  ancient  customs  relatti^  to  the  taming  and 
using  of  Aftiinals  are  still  practised  in  China,  llie  old  E^ptians,  had  ba- 
h-ons  and  monkeys  trained  to  gather  fruit  from  trees  and  precipices  iiiaa> 
uessible  to  men.^*  The  Chinese  employ  them  for  the  same  purpose.* 
Mai  k  Antoi^y.  Nero,  and  others,  in  imitation  of  more  ancient  warriors, 
wftre  sometimes  dr:iwn  in  chariots  by  lions — Chinese  charlataiK),  both  ride 
jn^  and  are  drawn  by  them,  and  by  tigers  also.    (Nieuhoif 's  Embassy.) 


before  sn»»*he  jacks  were  invented,  joints  of  meat  while  roasting,  wera 
oilen  tum(«d  by  dogs  running  in  tread-wheels.  Hiey  were  of  a  peca> 
liar  breed,  (now  nearly  extinct)  long  backed,  having  short  legs,  and  from 

■ —      I  I  ■  iii.i^ 

«  IPi^broke  Antiq.  86^.  «.'.d  V^inUonuu^  Arts  cf  the  Ancienta  Plsri%  id.  torn,  i^ 
planc^4>  18 

•  Glaus  &CsgiiiN»  quot^  bv  Fosbroke  Encjc.  Antiq.  71.  •  I)owning*s  Strsqcer  in 
China,  vol  ■»  172.  ^  TViUdiiMNi,  toL  ii,  16a  •  Bretf^'s  aiira. 
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tteir  oocapation,  were  named  turnspits.  The  mode  of  teaching  them, 
was  more  sammary  than  humane.  The  animal  was  put  into  a  wheel,  the 
sides  of  which  were  closed,  and  a  burning  coa>  thrown  in  behind  him; 
hence  he  could  not  stop  climbing  without  having  his  legs  burned.  As 
might  be  supposed,  they  were  by  no  means  attached  to  their  profession  ; 
of  which  the  following  incident  has  been  adduced  as  a  proof:  In  a  cer- 
tain city,  having,  agreeably  to  custom,  attended  their  owners  to  church, 
the  lesson  for  the  day  happened  to  be  that  chapter  of  Ezekiel  wherein 
the  self-moving  chariots  are  described.  When  the  minister  first  pro- 
nounced the  word  '  wheel^^  they  all  pricked  up  their  ears  in  alarm^-at  the 
second  mention  of  it,  they  set  up  a  doleful  howl ;  and  when  the  awful 
word  was  uttered  a  third  time,  every  one  it  is  said,  made  the  best  of  his 
way  out  of  the  church. 

But  the  most  singular  animal  formely  used  in  thus  turning  the  spit^ 
^pras  a  hird^  and  of  a  species  too  which  furnished  more  victims  for  the 
roast  than  any  other,  viZi  the  goow  !  Moxon,  observes  that  although  dogs 
were  commonly  used,  ^*  geese  are  better,  for  they  vrill  bear  their  labor 
longer,  so  that  if  there  be  need,  they  will  continue  their  labor  twelve 
liours."*  A  singular  illustration  of  man's  power  over  the  lower  animals^ 
m  thus  compelling  one  to  cook  another  of  its  own  species  for  his  use. 

The  old  jack,  consisting  of  three  toothed  wheels  and  a  weight,  was 
used  as  early  as  1444.  The  smoke  jack  was  known  in  the  following  cen. 
iury,  if  not  before,  for  it  was  described  by  Cardan,  and  afterwards  (in 
1571)  by  Bartolomeo  Scappi,  cook  to  Pope  Pius  V.  in  a  book  on  culinary 
operations.  In  1601,  a  'jack  maker'  was  a  regular  trade  in  Eorope,  and 
the  ingenuity  of  the  manufacturers  was  then  oflen  displayed  in  decorating 
them  with  moving  puppets,  as  in  some  ancient  docks,  and  in  the  oi^ans, 
dsc  of  street  musicians.  Bishop  Wilkins,  (Mathematical  Magic,  B.  ii, 
eap.  3)  speaks  of  ^*  jacks  no  bigger  than  a  walnut  to  turn  any  joint  of  meat." 

The  name  of  these  madiines,  and  a  certain  vulgar  phrase,  not  yet 
quite  obsolete,  are  all  that  is  left  to  recal  to  mind,  a  class  of  domestics, 
whose  occupation,  like  Othello's,  is  gone.  These  were  men  whose  duty 
it  was  to  turn  the  spit,  and  who  answered  to  the  familiar  cognomen  of 
*  jack,'  formerly  a  common  name  for  a  man-servant,  and  now  applied  to 
designate  numerous  instruments  that  supply  his  place.  Seated  at  one 
aide  of  a  huffe  fire,  his  duty  was  to  turn  the  roast  by  a  crank  attached  to 
one  end  of  ue  spit.  See  a  figure  of  a  French  toume-hroehe  in  the  exer- 
cise of  his  vocation,  in '  Hone's  Every  Day  Book.'  vol.  ii,  1057.  The  office 
was  fi»r  from  being  a  sinecure,  since  no  slight  labor  was  required  to  move 
the  large  joints  of  olden  times,  the  whole  of  a  sheep  or  an  ox  being  fre. 
quently  roast^  at  once ;  hence  in  some  kitchens  built  in  the  13th  century, 
It  was  partieularly  directed,  that  each  should  be  provided  with  furnaces 
sufiiciently  large  to  roast  two  or  even  three  oxen.  It  was  from  the  cus- 
tom of  these  artists,  of  surreptitiously  helping  themselves  to  small  pieces 
of  the  roast,  while  in  the  performance  of  their  duty,  the  unclassical  ex- 
pression *  licking  the  fingers,'  came,  and  verifying  a  Turkish  proverb,  'he 
that  watches  the  kettle  is  sure  to  have  some  of  the  soup.'  The  phrase, 
however,  was  not  then  so  obnoxious  to  good  taste,  nor  the  act  to  good 
manners,  as  now ;  for  table-forks  were  generally  unknown,  and  moderate 
sized  joints  were  handed  round  on  the  spit,  so  that  every  one  at  table, 
separated  by  a  knife  a  slice  to  his  taste,  and  conveyed  it  by  hb  fingers 

■  Meehsnick  Fowen^  Lon.  ISStt.  p.  7S. 
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to  his  pl«l«,  and  thence  to  his  mouth.    Jtence  the  advice  of  Ovid,  for 
neither  Greeks  nor  RumaDB  used  table-forks : 

"Tour  meat  genteelly  with  your  fingeni  r»iee; 
And — M  in  eatiiig  thpre'a  a  oerltun  grace, 
Beware,  with  gmi;  himU,  lert  joa  besmear  yotir  bee." 
A  Germsn  writer  in  the  middle  of  the  16th  century,  in  suggesting  the 
whirling  Eolipile  as  a  turnspit,  remarks,  "  it  eats  nothing,  and  gives  withal 
an  assurance  to  those  partaking  of  the  fvast,  whose  suspicious  natures 
nurse  queasy  appetites,  that  the  haunch  has  not  been  pawed  by  the  turn- 
spit, In  the  absence  of  the  housewife's  eyes,  for  the  pleasure  of* licking 
his  unclean  fingers."     This  evil  propensity  of  human  tumspita,  however, 
eventually  led  to  their  dismissal,  and  to  the  employment  of  another  spe- 
cies, which,  if  not  better  disposed  to  resist  (he  same  temptations,  had 
less  opportunities  afforded  of  falling  into  them.     These  were  the  canine 
laborers  already  noticed. 


No. ».    BoriWDUl  TrHd-Wbeat,  hum  A«ileolL 

Sorixonlal  tread-wheeli  for  raising  water  are  described  by  Agricola, 
from  whose  work,  J)e  Re  AfetaUiea,  we  have  copied  the  figure.  Two 
men  on  opposite  sides  of  a  horizontal  bar,  agninst  which  they  lean, 
push  with  their  feet  the  bars  of  the  wheel  on  which  they  tread,  behind 
them.  Similar  wheels,  inclined  to  the  horizon  were  also  used.  For  an- 
other kind  of  tread-wheel,  see  chapters  14.  and  17.  On  the  Noria  and 
Chain -pump. 

In  all  the  preceding  machines  the  roller  is  used  in  a  horiiontal  position  ; 
but  at  some  unknown  period  of  past  ages,  another  modification  was  de- 
vised, one,  by  which  the  power  could  be  applied  at  any  distance  from 
the  centre.  Instead  of  placing  the  roller  as  before,  over  the  well's  mouth, 
it  was  removed  a  short  distance  from  it,  and  secured  in  a  vertical  position, 
by  which  it  was  converted  into  the  wheel  or  capstan.  One  or  more  hori- 
fontal  bars  were  attached  to  it,  of  a  length  adapted  to  the  power  em- 
ployed, whether  of  men  or  animals ;  and  an  alternating  rotary  movement 
imparted  to  it,  as  in  the  common  wheel  or  capstan,  represented  in  the  npxt 
figure,  No.  20.  It  appears  from  Belidor,  (Tom.  ii,  333)  that  machines  of  tbii 
kmd,  and  worked  by  mtn  were  common  in  Europe  previous  to,  and  at  tlw 
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time  he  wrote.  Sometimes  the  shaft  was  placed  in  the  edge  of  the  well, 
so  that  the  person  that  moved  it  walked  round  the  latter,  and  thus  occu- 
pied less  space. 


No.  M.    Ccmmou  Wheel  or  Ciqieino. 

Grcumstanoos,  hii^hly  illustrative  of  European  manners  during  the 
early  part  of  the  17th  and  preceding  centuries,  iii'e  associated  with  the  in« 
troduvtion  of  tabU-Jbrks,  They  were  partially  known  in  Italy  in  the  11th 
century,  for  in  a  letter  of  Peter  Damiani,  w)k>  died  in  1073,  mention  is 
made  of  a  lady  from  Constantinople,  who  was  married  to  the  Doge  of 
Venice,  and  who  among  other  strange  customs,  required  raLz-water  tc» 
wash  herself,  and  was  so  fastidious  respecting  hnr  food,  as  to  use  a  fork, 
and  a  golden  one  too,  to  take  her  meat,  which  was  previously  cut  into 
small  pieces  by  her  servant,  Lon.  Quart.  Review,  vol.  58.  (April,  1837.) 
They  are  mentioned,  (probably  as  curiosities)  in  a  charter  of  Ferdinand 
I.  of  Spain,  1101,  and  in  the  wardrobe  accounts  of  Edward  L  of  England, 
'  a  pair  of  knives  with  sheathes  of  silver  enameled,  and  a  forke  of  chrystal,' 
are  specified.  Fosbroke,  Ency.  Ant.  Forks  were  common  in  Italy  in 
the  15th  century,  although  nearly  unknown  to  France  and  England  in  the 
following  one.  At  the  close  of  the  16th,  they  are  noticed  as  a  luxury  in 
France,  and  lately  introduced,  Henry  the  Fourth^s  fork  is  still  preserved 
— it  has  two  prongs,  and  is  of  steel.  So  late  as  1641,  they  were  not  ur^i- 
versal  in  Paris.  In  a  representation  of  a  areat  feast  held  by  the  cobblers 
in  that  year,  and  attended  by  musicians,  6ec. — ^no  forks  are  on  the 
table — ^the  carver  holds  what  appears  t<;  be  a  leg  of  mutton  with  one  hand, 
while  with  the  other  he  cuts  a  slioo  '^ff,  for  a  lady  seated  next  to  Llm. 
Hone's  Every  Day  Book,  vol.  ii,  1055. 

They  were  not  used  in  England  till  aboat  the  same  time,  a  period  much 
later  than  might  have  been  supposed.  In  161 1,  an  Englishman  was  ridi- 
culed for  using  one.  This  was  Coryatt  the  eccentric  traveler.  "  I  ob- 
served," he  says,  "  a  custom  in  all  those  Italian  cities  and  townes  through 
the  which  I  passed,  that  is  not  used  in  any  other  country  that  I  saw  in  my 
travels ;  neither  do  I  think  that  any  other  nation  of  Christendome  doth  use 
it,  but  only  Italy.  The  Italian  and  most  strangers  that  are  commorant, 
[dwelling]  in  Italy  do  alwaies  at  their  meales  use  a  little  forke,  when  they 
cut  their  meate.  For  while  with  their  knife,  which  they  hold  in  one 
hand,  they  cut  the  meate  out  of  the  dish,  they  fasten  theur  forke  which 
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they  hold  m  the  other  hand,  upon  the  same  dtah.  So  that  whatsoever  h6 
be,  that  silling  in  the  company  of  any  others  at  nieale,  should  unadvisedly 
touch  the  dish  of  meate  with  his  fingers,  from  which  all  at  the  table  doe 
cut,  he  will  give  occasion  of  offence  unto  the  company,  as  having  trans- 

fressed  the  lawes  of  good  manners ;  insomuch  that  for  his  error,  he  shall 
e  at  least  brow*beaten,  if  not  reprehended  in  words.  This  forme  of 
feeding,  I  understand,  is  generally  used  in  all  places  in  Italy,  their  forkes 
l^ing  fbr  the  most  part  made  of  yron  or  Steele,  an^  some  of  silver ;  but 
these  ar^  used  only  by  gentlemen.  The  reason  of  this  their  curiosity  is^ 
because  the  Italian  cannot  by  any  means  have  his  dish  touched  with  fin- 
gers, seeing  all  men's  fingers  are  not  alike  cleane — ^hereupon  I  myself 
thought  good  to  imitate  the  Italian  fashion,  by  this/orJb«J  cuUing  of  meate, 
T.ot  only  while  I  was  in  Italy,  but  also  in  Germany,  and  oftentimes  in  Ekig- 
land  sinje  I  came  home :  being  once  quipped  for  that  frequent  using  of 
my  fork^,  by  a  certain  learned  gentleman,  a  familar  fi*ie£id  of  mine,  one 
Master  Laurence  Whitaker,  who  in  his  merry  humour  doubted  not  to 
Ciil  me  Furdfer^  only  for  using  a  forke  at  feeding." 

In  this  extract,  we  have  a  view  of  Italian  gentlemen  '  feeding*  in  the 
beginning  of  the  17th  century,  and  in  the  fbllowing  one,  we  obtain  an  in. 
Aight  into  British  manners  during  the'  middle  of  it.  Forty  years  after  the 
publication  of  Coryatt's  Travels,  a  Manual  of  Cookery  appeared,  con- 
taining the  following  intftructlons  to  Briti^  ladies,  when  at  table.  *^A 
gvntlewoman  being  at  table,  abroad  or  at  home,  must  observe  to  keep  her 
body  straighte,  and  lean  not  by  any  means  upon  her  elbowes — nor  by  ra> 
venous  gesture  discover  a  voracious  appetite.  Taike  not  when  you  have 
meate  in  your  moiUhc ;  and  do  not  smacke  like  a  pig — ^nor  eat  spoone- 
meat  so  hot  that  the  tears  stand  ^n  your  eyes.  It  is  very  uncourtly 
to  drinke  so  large  a  draught  that  your  breath  is  tdmost  gone,  and  you  are 
forced  to  blow  strongly  to  recover  yourselfe.     Throwing  down  your  li- 

S[uor  as  into  a  funnel,  is  an  action  fitter  for  a  juggler  than  a  gentlewoman, 
n  carving  at  your  own  table,  distribute  the  best  pieces  first,  and  it  will 
appeare  very  decent  and  comely  to  use  a  forke  ;  so  touch  no  piece  of  meat 
without  it.**  This  elegant  extract  is  from  ^The  Accomplished  Lady*s  Rich 
Closet  of  Rarities,*  lK)ndon,  1653.  Neither  knives  nor  forks  were  used  at 
the  tables  of  the  Egyptians.  A  representation  of  a  feasting  party  is  sculp- 
tured on  a  tomb  near  the  pyniinids,  a  copy  of  which  is  inserted  in  Vol.  u, 
of  Wilkinson's  interesting  work.  One  gentleman  holds  a  small  joint  of 
meat  in  his  hand,  two  are  eating  fish  which  they  retain  in  their  fingers 
while  another  is  separatii^  the  wing  of  a  goose  with  the  same  impiementi. 
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CHAPTER    XI. 

AgrioDltnre  gaTS  rite  to  niraieroaa  devfeM  for  niataig  water— Corioos  dBOBlUon  of  EgypUao  hi» 
teadry— Irrigation  always  praeUied  Is  the  east— Great  fertility  of  watered  land— The  eonstmetioa  of 
the  l%ket  and  eanate  of  Egypt  and  China,  iulMeqoent  to  tlie  aee  of  hydraulic  maehinea— PhenomenoB 
In  andent  Thebea— Similarity  of  the  early  hlstorlea  of  the  Egyptlana  and  Chiaeee— Mythology  hiied 
on  agrieultora  and  Irrigation:  Both  inooleated  aa  a  part  of  religion- Asiatic  tenlEs— Watering  land 
with  the  yoke  and  pote— An  employment  of  the  Israelites  in  Egypt— Hindoo  Water  Bearei^-Curloui 
ihaped  vessels— Aqoarlus, « the  Water  Poorer,'  sn  emhlem  of  irrigation— Connection  of  aatrooomy 
« 1th  agrlcoltura^wlnging  baskete  of  E^t,  China,  and  Hindoetea.  Arte  and  eastoma  of  tka 
aneieat  Egyptians. 

The  laiit  three  chapters  include  most  of  the  methods  adopted  bj  the  an- 
cients to  raise  water  for  domestic  purposes.  There  is,  however,  another 
class  of  machines  of  equal  merit  and  importance,  which  probably  had 
their  origin  in  agriculture,  i.  e.  in  the  irrigation  of  land.  Persons  who 
live  in  temperate  climates,  where  water  generally  abounds,  can  scarcely 
realize  the  importance  of  artifieial  irrigation  to  the  people  of  Asia  and 
other  parts  of  the  earth.  It  was  this,  which  chiefly  contributed  to  sup> 
port  those  swarms  of  human  beings,  who  anciently  dwelt  on  the  plains  of 
the  Euphrates,  the  Granges,  the  Nile,  and  other  large  rivers.  In  Egypt 
alone,  the  existence  of  millions  of  our  species  has  in  all  times  depended 
wholly  upon  it,  and  hence  the  antiquity  of  machines  to  raise  water  among 
that  people.  The  definition  of  oriental  agriculture  is  all  but  incompre- 
hensible to  an  uninformed  American  or  European — it  is  said  to  consist 
chiefly,  '*  in  having  suitable  machines  for  raising  water,"  a  definition  sufii- 
denUy  descriptive  of  the  profession  of  our  firemen,  but  few  people  would 
ever  suppose  it  explanatory  of  that  of  a  farmer.  It  is  however  literally 
true.  Irrigation  is  everything — ^the  whole  system  of  husbandry  is  inclu- 
ded in  it ;  and  no  greater  proof  of  its  value  need  be  given,  than  the  fiict 
of  machines  employed  to  raise  water  for  that  purpose  in  Egypt,  being 
taxed. 

The  agricultural  pursuits  of  man,  must  at  a  very  early  period  have  con- 
vinced him  of  the  value  of  water  in  increasing  the  fruitfulness  of  the  soil : 
he  could  not  but  observe  the  fertilizing  effects  of  rain,  and  the  rich  vege- 
tation consequent  on  the  periodical  inundations  of  rivers ;  nor  on  the  other 
hand|  could  he  possibly  have  remained  ignorant  of  the  sterility  conse- 
quent on  long  continued  droughts:  hence  nature  taught  man  the  art  of  Ir-. 
rigating  land,  and  confirmed  him  in  the  practice  of  it,  by  the  benefits  it 
invariably  produced.  In  some  countries  the  soil  was  thus  rendered  so 
exceedingly  fruitful  as  to  exceed  credibility.  Herodotus,  when  speak- 
ing of  Babylonia,  which  was  chiefly  watered  by  artificial  irrigation,  (for 
the  Assyrians  he  observes,  '  had  but  little  rain,')  says,  it  was  the  most 
fruitful  of  all  the  countries  he  had  visited.  Com,  he  said  never  produced 
less  than  two  hundred-fold,  and  sometimes  three  hundred ;  and  after  re- 
citing 8(Hne  other  examples,  he  remarks,  that  those  persons  who  had 
not  seen  the  country,  would  deem  his  account  of  it  a  violation  of  proba- 
bility,— ^in  other  words,  a  traveler's  tale.  Clio,  198.  Five  hundred  years 
afterwords,  the  elder  Pliny  speaking  of  the  same  country,  observes, 
**  there  is  not  a  terrilpry  in  all  the  east  comparable  to  it  in  fertility  ;** 
while  in  another  part  of  his  work,  he  refers  to  the  cawe  of  its  fruitful- 
ness— he  says,  the  principal  care  required,  was,  ^  to  keep  the  ground  well 
watered.**    Nat^  Hist,  vi,  26,  and  xviii,  17. 
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Mr.  St.  John,  mentions  a  species  of  Indian  corn  growing  in  <be  fields 
of  Egypt,  prodigiously  prolific.  On  one  ear,  three  thousand  grains  were 
reckoned  !  and  a  lady,  who  frequently  made  the  experiment  in  the  The- 
baid,  constantly  found  between  eighteen  hundred  and  two  thousand. 
Egypt  and  Mahommed  AH,  vol.  i,  143.  Another  proof  of  the  value  of 
irrigation  is  given  by  Herodotus.  When  speaking  of  that  part  of  Egypt 
near  Memphis,  he  observes,  that  the  people  enjoyed  the  fruits  of  the  earth 
with  the  smallest  labor.  '*  They  have  no  occasion  for  the  process  nor  ths 
instruments  of  agriculture,  usual  and  necessary  in  other  countries."  This 
remark  of  the  historian,  has  been  ridiculed  by  some  authona ;  but  its  truth 
has  been  verified  by  recent  travelers.* 

The  advantages  of  artificial  irrigation  have  not  only  been  known  from 
the  earliest  ages,  but  some  of  the  most  stupendous  works  which  the  intel- 
lect of  man  ever  called  into  existence,  were  designed  for  that  purpose : 
works  so  ancient  as  t»  perplex  our  chronologists,  and  so  vast  as  to  incline 
some  historians  to  class  them  among  natural  formations.  Ancient  writers 
unite  in  asserting  that  Lake  Moeris  was  '  the  work  of  men's  hands,'  and 
constructed  by  a  king  of  that  name ;  its  prodigious  extent,  however,  has 
led  some  modem  authors  to  question  its  alleged  origin,  although  artificial 
works  still  extant,  equal  it  in  the  amount  of  labor  required ;  as  the  Wall 
of  China,  the  Pyramids,  and  other  works  of  ancient  Egypt.  Sir  William 
Chambers,  when  comparing  the  works  of  the  remote  ancients  with  those 
of  Greece,  observes  that  the  city  of  Babylon  would  have  covered  all 
Attica ;  that  a  greater  number  of  men  yere  employed  in  building  it,  than 
there  were  inhabitants  of  Greece;  that  more  materials  were  consumed  in 
a  single  Egyptian  Pyramid,  than  in  all  the  public  structures  of  Athens ; 
and  that  Lake  Mareotis  could  have  deluged  the  Peloponnesus,  and  ruined 
all  Greece.  But  incredible  as  the  accounts  of  Lakes  Moeris  and  Mareotis 
may  appear,  these  works  did  not  surpass,  if  they  eqiuiled,  another  example 
of  Egyptian  engineering,  which  had  pr.eviously  been  executed.  This  was 
the  removal  of  the  Nile  itself!  In  the  reign  of  Menee^  (the  first,  or  one 
of  Uie  first  sovereigns)  it  swept  along  the  Libyan  chain  or  mountains,  that 
is,  on  one  side  of  the  valley  that  constitutes  Egypt ;  and  in  order  to  render 
it  equally  beneficial  to  both  sides,  a  new  channel  was  formed  through  the 
centre  of  the  valley,  into  which  it  was  directed  :  an  undertaking  which 
mdicates  a  high  degree  of  scientific  knowledge  at  that  early  period. 

Before  the  lakes  and  canals  of  Egypt  or  China  could  have  been  under- 
taken, the  inhabitants  must  have  been  long  under  a  regular  government, 
and  one  which  could  command  the  resources  of  a  settled  people,  and  of  a 
people  too,  who  from  experience  could  appreciate  the  value  of  such  works 
for  the  purpose  of  irrigation,  as  well  as  the  inefficiency  of  previous  devices 
Ibr  the  same  object ;  that  is,  of  machines  for  raising  the  water :  for  if  it 
be  supposed  the  construction  of  canals  to  convey,  of  reservoirs  to  contain, 
and  of  locks  and  sluices  to  distribute  water,  preceded  the  use  of  maohis^ks 
for  raising  it — it  would  be  admitting  that  men  in  ignorant  times  had  the 
ability  to  conceive,  and  the  skill  to  execute  the  most  extensive  and  perfect 
works  that  civil  engineering  ever  produced — to  have  formed  lakes  like 
oceans,  and  conveyed  rivers  through  deserts,  ere  they  well  knew  how  to 
raise  water  in  a  bucket,  or  transmit  it  through  a  pipe  or  a  gutter.  The 
fiu^t  is,  ages  must  necessarily  have  elapsed  before  such  works  could  have 
been  dreamt  of,  and  more  before  they  could  have  been  accomplished. 
Individuals  would  naturally  have  recourse  to  riveil  in  their  immediate 
vicinity,  from  which  (the  Nile  for  example)  they  must  long  have  toiled  in 

»  St  John,  yoL  i,  181.   Liodaay,  Let  ^ 
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raising  water,  before  they  would  ever  think  of  piv>ouring  it  from  other 
parts  of  the  same  stream,  at  a  distance  varying  from  ten  to  a  hundred  milesi 
or  consent  to  labor  lor  its  conveyance  over  such  extensive  spaces. 

How  extremely  ancient,  then,  must  hydraulic  machinery  be  in  Egypt, 
when  4uch  works  as  we  have  named,  were  executed  in  times  that  trans- 
pired long  before  the  commencement  of  history — times  that  have  been 
considered  as  extending  back  to  the  innmcy  of  the  world !  But  if,  as  is 
generally  supposed,  civilizati«)ii  and  the  arts  descended  the  Nile,  then 
machines  for  raising  water  must  have  been  employed  on  the  upper  herders 
of  that  river  before  lower  Egypt  was  peopled  at  all.  In  Nubia  and 
Abyssinia  they  have  at  all  times  been  indispensable,  in  consequence  of  the 
elevation  of  the  banks  and  the  absence  of  rain;  while  in  Middle  and 
Lower  Egypt,  during  the  intervals  of  the  annual  overflow,  they  were  also 
th^  only  resource ;  and  at  no  time  even  there,  could  those  grounds  which 
lay  beyond  the  reach,  or  above  the  inundation,  be  irrigated  without  them. 
The  surface  of  the  river  during  Mow  Nile'  is,  in  parts  of  Nubia  30  feel 
below  the  banks,  in  Middle  Egypt  20  feet,  and  diminishes  to  the  Delta.* 
In  other  countries,  rain-water  was  ^and  still  is^  collected  into  reservoirs 
<m  the  highest  places,  and  distributea  as  requirea ;  but  nothing  of  this  kind 
codd  ever  have  taken  place  in  the  land  of  the  Pharaohs.  We  are  informed 
the  inhabitants  of  ancient  Thebes  were  once  thrown  into  great  consterna- 
tion by  a  phenomenon  which  they  looked  upon  as  an  omen  of  fearful 
import — it  was  simply  a  shower  of  rain  !  This  circumstance  explains  the 
opinion  of  the  old  Egyptians,  in  supposing  the  Greeks  subject  to  famines, 
as  their  harvests  depended  on  rain.     Herod,  ii,  13. 

A  striking  result  derived  from  an  examination  of  Egyptian  history^ 
observes  Mr.  Wilkinson,  is  the  conviction,  that  the  earliest  times  inCo  which 
we  are  able  to  penetrate,  civilized  communities  already  existed,  and  society 
possessed  all  the  features  of  later  ages.  The  most  remote  period  to  which 
we  can  see,  opens  with  a  nation  possessing  all  the  arts  of  civilized  life 
already  matured.  The  pyramids  of  Memphis  were  erected  within  three 
hundred  years  of  the  Deluge;  and  the  Tombs  of  Beni- Hassan,  hewn  and 
painted  with  subjects  describing  the  arts  and  manners  of  a  refined  people, 
about  six  hundred  years  after  that  event.  From  these  paintings,  &;c.  we 
learn  that  the  manufacture  of  linen,  of  cabinet  work,  of  glass,  of  e]abonii.e 
works  in  gold  and  silver,  bronsse,  dsa  and  numerous  games,l>  dec  were 
then;  as  now,  in  vogue.  The  style  of  architecture  was  grand  and  chaste, 
ibr  the  fluted  columns  of  Beni-Hassan  ^  are  of  a  character  calling  to  mind 
the  purity  of  the  Doric."  Indeed,  modern  science  and  the  researches  of 
travelers  are  daily  adducing  facts  which  set  at  defiance  our  ordinary  chro- 
no]<^cal  theories,  but  which  appear  to  strengthen  the  opinion  of  those 
commentators  of  the  scriptures,  who  consider  the  Deluge  of  Noah  to  have 
been,  like  that  of  Deucalion,  2ooa/,  not  universal :  a  doctrine  inconsistent 
with  the  postdiluvian  origin  t^  the  mechanic  arts  generally,  and  of  simple 
machines  for  raising  water  in  particular. 

There  is  a  striking  resemblance  between  the  enrly  history  of  Egypt  and 
that  of  China,  with  regard  to  the  origin  of,  and  esteem  for  agriculture,  re* 
ligious  ceremonies  connected  with  it,  artificial  irrigation,  modes  of  working 
the  soil,  and  implements  used.  This  art  among  both  people  was  coeval 
with  their  existence  as  nations,  and  doubtless  extends  back,  as  ancient  wri- 
ters assert,  to  periods  anterior  to  Noah's  flood.^    Shinnuvo,  the  *  divine 

•  Wilk.  An.  Egypt,  i,  9 

^  lifting  weights^  wrestling,  8ing1<«  stick,  and  bull  Bj^lils,  games  of  ball,  thrcywing  knives^ 
odd  and  even,  dniiiriitey  dice,  and  thtmbU-rig,  are  all  reprosented  on  i|m  moouineata. 

•  Le  Omnte's  China,  1 18^  Loo.  HSS. 

II 
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huf^Wndnkan'  resembled  Osiris.  He  began  to  reign  2889,  B.C.  or  nearlj 
five  hundred  years  before  the  deluge;  and  it  is  in  imitation  of  this  antedi- 
luvian monarch,  that  the  emperors  at  the  present  day  plough  a  portion  of 
land  with  their  own  hands,  and  sow  different  kinds  of  gr&iu,  onoe  a  year. 
Such  it  appears  was  also  the  practice  of  Egyptian  monarchs,  for  emblema- 
tical representations  of  them  braAkicg  up  the  m\  with  a  hoe,  are  found 
among  the  sculptures.  Osiris  instructed  them  in  agriculture,  and  taught 
thbm  the  value  and  practice  of  irrigation.  He  confined  the  Nile  within 
banks,  and  formed  sluices  to  water  tlie  land.  On  these  accounts  was  he 
idolized  after  death,  and  worshipped  as  a  god :  and  the  ox  which  he  taught 
liiem  to  employ  in  the  cultivation  of  the  soil,  was  selected  to  personate 
him.  In  accordance  with  this  custom,  the  Israelites  madectnd  worshipped 
the  calf  (or  ox)  in  the  wilderness;  and  Jereboam  to  gratify  the  ignorance 
or  superstition  of  his  couiitrymen,  placed  golden  statues  m  them  in  Dan 
aLd  Bethel ;  or,  perhaps  from  policy,  introducing  the  worship  of  Apis,  as 
a  compliment  to  Shiehak,  with  whom  he  had  found  a  refiige  from  the 
wrath  of  Solomon.  Similar  to  the  worship  of  Apis,  Is  the  great  festival 
111*  the  Chinese  when  the  sun  reaches  the  15^  of  Aquarius,  during  which 
a  figure  of  a  cow  is  carried  in  the  processions.  The  feast  of  Lanterns  of 
this  people,  is  also  like  that  of  lamps  anciently  held  overall  Egypt.  Herod, 
ii,  02.  The  celebrated  Yu  was,  like  some  of  his  predecessors,  raised  to 
the  throne  of  China,  on  account  of  his  agricultural  labors.  We  are  in- 
formed that  he  drained  a  great  portion  of  the  land  ;  and  that  he  wrote  se- 
veral books  on  the  cultivation  of  the  soil,  and  on  irrigaUc4i,  He  flourished 
2*2'?5  B.C.  or  about  140  years  after  the  flood.  Seventeen  years  after 
hid  death,  it  is  admitted  that  husbandry  became  systematicaUy  crganusedy 
which  necessarily  included  a  settled  plan  of  artificial  irrigation.  A  writer 
in  \}\f  Chinese  Repository  observes,  ^in  these  early  ages,  the  fundamental 
mivims  of  the  science  of  husbandry  were  established,  which  so  fiu*  as  we 
can  learn,  have  been  practised  to  the  present  day,^  Vol.  iil,  121.  Egypt* 
ian'  husbandry  we  are  told  consisted  chiefly  in  having  proper  machines  for 
nuritig  water,  and  small  canals  judiciously  disposed. to  distribute  it  over 
their  fields.  In  both  these  respects  it  resembl^  that  of  Qiina,  at  the  pre- 
sent day ;  a  portable  machine  to  raise  water,  being  as  necessary  an  imple- 
ment to  a  Chinese  peasant  na  a  spade  is  to  one  of  ours. 

The  mythology  of  the  whole  ancient  world  seems  not  only  to  have  been 
iiiTjmately  associated  with  agriculture,  but  appears  to  have  oeen  based  up- 
oa  it.  To  the  invention  of  the  plough,  and  the  irrigation  of  land,  all  the 
mysteries  of  Ceres,  may  be  referred.  The  great  importance  of  agricul- 
ture in  furnishing  food  to  man,  induced  legisdators  at  an  early  period  to 
devise  means  to  promote  it.  This  they  accomplished  by  oonnecUng  it 
with  the  worship  of  the  gods ;  and  by  classing  the  labors  of  husbandry 
among  the  most  essential  of  religious  duties.  This  system  seems  to  have 
been  universal.  It  was  incorporated  by  the  Roman  lawgivers  with  the 
institutions  of  that  people.  Plutarch,  in  his  life  of  Numa,  expressly  states 
that  some  of  the  laws  were  designed  to  recommend  agriculture  **  as  a  part 
of  religion.^  See  also  Pliny,  xvii,  2.  The  sacred  books  of  almost  all 
andenc  nations  placed  irrigation,  dicing  of  tanks  and  wells,  among  those 
acts  roost  acceptable  to  the  gods ;  and  hence  the  Zendavesta  of  the  Per- 
sians, and  the  Shaster  of  the  Hindoos,  distinctly  inculcate  the  conveying 
of  water  to  barren  land,  as  one  of  the  precepts  of  religion. 

As  no  country  depended  more  upon  iLTricuiture  for  the  physical  and  poli- 
tical existence  of  its  inhabitants  than  Egypt;  so  nowhere  was  religious  v^ 
neration  for  it  carried  to  a  greater  extent.  We  are  informed  their  priests 
and  statesmen  used  ^  all  their  influence  in  advancing  the  j^osperity  and 
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tphndor  of  afprioultore;"  and  as  Osiris  made  his  own  plongh,  both  kings 
and  priests  wore  sceptres  of  the  form  of  that  implement  So  sensible 
were  they  of  the  blessings  derived  from  agriculture,  that  they  not  only  en- 
forced the  worship  of  Osiris  and  Isis  for  its  discovery  and  introduction, 
but  caused  even  the  animals  (oxen)  that  assisted  in  the  cultivation  of 
their  lands  to  be  honored  with  religious  rites.  It  cannot  therefore  be  sup- 
posed, that  a  people,  who  thus  consecrated  almost  everything  connec* 
ted  with  husbandry,  should  neglect  that  in  which  it  chiefly  consisted,  viz. : 
iRRiaAnoH ;  for  this  was  the  real  cause  of  the  amazing  fruitfolness  of 
their  soil,  and  of  their  individual  and  national  prosperity.  Thus  Isis  is 
often  found  represented  with  a  bucket,  as  an  emblem  of  irrigation,  and  of 
the  fecundity  of  the  Nile.^ 

From  the  foregoing  remarks  the  great  antiquity  of  machines  for  raising 
water  may  be  inferred;  for  artificial  irrigation  certainly  gave  birth  to  the 
most  valuable  of  our  hydraulic  engines,  if  it  be  not  indeed  the  great  pa* 
rent  of  them  all. 

llie  ancient  practice  of  constructing  Jarge  tanks,  to  collect  water  for  ir- 
rigation, is  still  followed  in  various  parts  of  the  east,  and  their  dimensions 
render  our  reservoirs  comparatively  insignificant.  In  the  Gamatio,  some 
are  eight  mUeM  in  length  and  three  in  breadth.  In  Bengal,  they  frequently 
cover  a  hundred  acres,  and  are  lined  with  stone.  Knox,  in  his  Historical 
Relation  of  Ceylon,  (Lon.  1681,>  says,  the  natives  formed  them  of  two 
and  three  &thoms  deep,  some  or  which  were  in  length  *  above  a  mile.'  (p. 
9.)  To  these  reservoirs,  and  the  difficulty  of  making  them  sufficiently 
tight  to  hold  the  water,  there  is  an  allusion  in  Jeremiah  ii,  13.  Le  Comte, 
mentions  them.  When  limited  quantities  of  water  were  required  at  a 
distance,  at  places  situated  higher  than  its  source,  it  was  often  carried  in 
vessels  suspended  from  a  yoke,  and  borne  across  the  shoulders.  This 
mode  is  still  practised.  In  the  plains  of  Damar  in  Arabia,  water  is  drawn 
from  deep  wells  and  thus  carried  to  the  fields.  Dr.  Shaw  observes  of 
the  country  of  the  Benni  Mezzah,  (in  ancient  Mauritania)  it  has  no  rivu- 
lets, "  but  is  supplied  altogether  with  well  water."  "  Persia,"  says 
Fryer,  "is  chiefly  beholden  to  wholesome  springs  of  living  water  to 
quench  the  thirst  of  plants  as  well  as  living  creatures."  This  method  is 
pursued  by  the  Hindoos,  Japanese,  Chinese,  Javanese,  Tartars,  dsa,  in 
watering  those  terxaoes  which  they  construct  and  cultivate  on  the  sides  of 

mountaina. 

''The  Chinese,"  says  Le 
Comte,  "  have  everywhere  in 
Xensi  and  Xansi,  for  want  of 
rain,  certain  pits  from  twenty 
to  a  hundred  and  twenty  feet 
deep,  fram  which  they  draw 
water  by  an  incredible  toil  to 
irrigate  their  land."  That  the 
mode  of  carrying  water  to  the 
fields  by  the  yoke,  was  prac- 
tised in  Egypt  in  ancient  times 
1 1         appears  from  the  figures,  No, 

Mo.  Jf7,  Bgypliant  watering  land  with  Fow  «ia  Voke.     ^^  copied  from  SCulptUreS  at  . 

Ben!  Hassan,  the  oldest  monu- 
ments extant  in  that  country.    One  of  these  wooden  yokes  was  found  at 

•See  Shsiw'B  IVa?.  40S,  412;  Univer.  Hist  Vol i,  206;  and  our  remarin  on  the 
Korim  in  Ohap  XIY. 
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lliebM,  with  leather  straps  and  brMtza  bvdtUt,  ud  is  now  preservn!  iA 
EagUnd.  Tlieyoke  is  ftl>out  three  feet  seven  inches  long,  and  the  Btrsps, 
which  are  double,  about  sixteen  inohus.  Some  Tokes  had  from  four  to 
eight  stn^  according  to  the  purposes  fur  which  the^  were  inlonded. 
Wilk.  An.  Egypt,  vol.  ii,  13B. 

As  watering  the  land  has  always  twen  the  staple  employment  in  Egypt, 
there  can  be  little  doubt,  that  the  Israelites  were  employed  in  this  service. 
We  are  informed  "their  lives  were  made  bitter  unto  them  by  hard 
bondage,  in  mortar  and  in  brioli,  and  in  all  maitner  of  terviee  in  Atjield.'* 
And  in  Deuteronomy,  xi,  10,  irrigating  the  laud,  is  expressly  mentioned 
aa  one  <^  their  labors.  In  Leviticus,  they  are  reminded  that  it  was  God 
who  brought  them  out  of  Egypt,  and  delivered  thnm  from  alavery,  who 
broke  the  bonds  of  their  yoke  and  made  their  go  upright;  alluding  to 
the  stooping  posture  consequent  on  the  long  continued  use  of  the  yoke; 
and  in  case  of  disobedience,  they  were  threatened  with  subsequent  thnl- 
dom,  to  "serve  their  enemies  in  hunger  and  nakedness,  and  with  a  yoke 
on  their  necks ;"  a  literal  desoriptiun  of  them  when  thus  employed  io 
watering  the  lands  of  their  oppres^ra.  A  passage  in  the  81st  Psalm,  ap- 
pears to  refer  expressly  to  their  deliverance  from  this,  and  another  labo- 
rious method  of  watering  the  soil.  "  I  removed  his  Moulder  from  the 
burden,  his  hands  were  delivered  from  the  pots."  The  severity  of  this 
labor,  may  be  inferred  from  that  of  Chinese  peasants,  who  carrying  har- 
dens like  the  Egyptians,  have  deep  impreesiuns  worn  on  their  shoulders 
by  the  yoke.     Osbeck's  Voy.  i,  253. 

It  was  a  common  custom  of  old  to  eniploy  staves  and  prisoners  of  war. 
In  watering  and  working  the  land.  Herodotus,  i,  66,  observes  of  tJie 
Lacedemonians,  that  after  the  death  of  Lycui^s,  Ihey  invaded  the  Te- 
geans,  and  carried  with  them  a  qutmticy  of  fetters  to  bind  their  enemies; 
but  they  were  themselves  defeated,  and  loaded  with  tlidr  own  fetters, 
were  employed  in  the  fields  of  the  Tesenns:  and  Joshua,  in  aooordanca 
with  this  custom,  made  the  captive  Gibeonites  'hewers  ol  wood  and 
drawers  of  water.'  l^iah  alludes  to  the  same,  Ix,  5;  itrantert  $haU 
stand  and  fetd  yourflocki,  aud  the  sons  of  the  Mim  shall  be  your  plough- 
■M»  and  your  vine  arttitn. 

His  figure  represents  a  modem  1^ 
borer  of  Hindostan,  and  it  will  aerva 
also  to  represent  those  of  China  and 
other  Asiatics,  who  carry  water  to  their 
gardens  and  fields  in  precisely  the  same 
way.      It  will  be  perceived  that  tbs 
jorm  of  the  vessels  is  similar  to  that 
of  the  old  Egyptian  Pots  in  the  pro- 
ceding  figure,  and  that  both  of  them 
serve  to  corroborate  uur  views  respect- 
ing the  origin  of  tdie  forms  of  these, 
and  other  domestic  vessels  of  oapaoity. 
There  is  another  mode  of  oirryinc 
■^n.  VM^^u^o^ti^        ^V.w,  which  was  anciently  practised, 
but  of  which  we  do  not  remember  to 
have  seen  any  particular  notice.      It  is  represented  in  Plates  50,  and  75. 
Pitt.  Storia  Dell' Arte.     A  conical  vessel  bent  like  the  horn  of  an  ox,  is 
borne  on  the  shoulder,  the  large  and  open  end  projecting  in  front,  so  that 
the  bearer  could  discharge  any  part  of  its  contents,  by  inclining  it,  which. 
In  one  figure  is  eCTected  by  means  of  a  cord  going  round  it,  and  cMie  end 
bald  in  Um  hand.     These  vessels  are  figured  aa  large  as  the  bodies  of 
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those  who  cony  tfaem,  aod  oppf«r  to  bftve  bscn  fbrmed  of  stavu,  utd 

As  an  evidenctt  of  the  aDtiqaitj  of  watariiw  land  with  pota^  we  jovj  re. 
fer  to  one  of  <ikB  oonirtellAtJoiw,  to  "  Aquarius  or  the  "  Water  Pijurar,"  % 
figure  which  waa  adopted  as  an  eipremve  erublem  of  tliat  aeaaon,  when 
nioa  dasoended,  and  tie  lands  were  irrigated  by  nature  alone.  Altboi^h 
Umaf  powibly  be  true,  aa  some  autbora  auppose,  that  some  of  the  present 
•lAns  of  the  Zodiac  vera  aubatituted  for  more  ancient  imea  at  some  period 
utime,  poaterior  to  the  Argo&autio  expedition — (see  Gi^uet'a  Disaerta- 
tioo  on  the  naiLM  and  figures  erf' the  eonatellations — .Orlgine  dea  Loix, 
Tom.  iL)  there  are  othen,  and  ainoug  them  the  "  Water  Pourer,"  wbiob 
aye  for  any  thing  known  to  the  contrary,  original  figure*,  adopted  by  the 
first  cultivators  of  astrooomioal  knowledge,  i.  e.  by  the  antediluvian  aons 
of  Sbtb,  who,  nccording  to  Joeephua,  were  the  "  inventors  of  that  pecu- 
liar sort  of  wiadom  wbidl  is  ooncemed  with  the  heavenly  l>odies  and  their 
order  ;"  (Ant.  B.  i,  chap,  3.)  and  which  signs  were  continued  by  their 
aucoeBsora,  the  Chaldeans,  in  the  lirst  ages  after  the  flood,  and  have  re- 
mained unaltered  to  our  days.  The  extreme  antiquity  of  aatronomy,  and 
its  connee^t'tm  wiA  agricuiture,  are  undoubted,  of  which  we  shall  meet  with 
other  examples  besides  the  one  just  given.  This  connection  waa  the 
■ource  of  the  great  mass  of  tym/iotUal  imagtrg  which  pervades  the  hia- 
tory,  mytholt^y,  and  almcet  every  thing  connected  with  the  remote  an 
eiema  ;  meet  of  which  la  so  perplexing  to  decipher,  and  the  greater  part 
of  which  has  defeated  all  at^ampta  of  the  modema  aatiafitotorily  to  explain. 
In  the  time  of  Job,  who  is  supposed  to  nave  lived  before  Moees,  the 
constellations  were  well  hnawn.  "  Canat  thou  bind  the  sweet  influences 
of  Pleiades,  or  loose  the  bands  of  Orion,"  xxxviii,  31.  "  Which  maketh 
ArctuTus,  Orion  and  Pleiades^  and  the  chambers  of  the  south,"  ix,  0.  In- 
deed, M.  Bailey  and  othora-have  admitted  that  the  astronomy  of  Chaldea, 
India,  and  Egypt,  ia  but  the  wreck  of  a  great  system  of  astronomical  aoi- 
ance,  which  was  carried  to  a  high  defp%«  of  perfection  in  the  early  agea 
of  the  world. 

When  water  la  only  required  to  be  raiaed  two  or  three  feet  from  a 
tank  or  river,  a  veaael  suspended  by  four  oorda,  and  worked  by  two  men, 
ia  very  extenaively  used  in  theeaat  In  Egypt  it  is  named  the  "Mental," 
the  figure  of  wUcn  is  copied  from  Grand*  Jieteriplum. 


A  small  trendt  Is  dug  on  the  edge  of  the  river,  on  the  borders  of  which 
two  men  stand  opposite  each  other.  Tliey  hold  in  each  band  a  cord,  the 
ands  of  which  are  attached  to  a  batkft  of  palm  leaves  covered  with  leather 
Alter  launduDg  it  into  the  water,  they  lean  backwards  so  as  to  be  '   " 
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seated  on  small  mounds  of  earth  raised  fbr  the  purpose,  by  which  the  wdght 
of  the  body  assists  in  raising  the  load,  as  it  is  swung  towards  the 
gutter  or  basin  formed  on  the  bank  to  receive  it.  The  movements  of  the 
men  are  regulated  by  chanting,  a  custom  of  great  antiquity,  and  adopted 
in  all  ivtnds  of  manual  labor  where  more  than  one  person  were  engaged. 

Sotmcrat  has  figured  and  described  (Vol.  ii,  lS2,)a  similar  contrivance 
of  the  Hindoos.  '^They  use  a  basket  for  watering,  which  is  made 
impenetrable  with  cow  dung  and  clay  ;  it  is  suspended  by  four  cords  *  two 
men  hold  a  cord  in  each  hand,  draw  up  the  water,  and  empty  it  in  oalan- 
cing  the  basket**  Mr.  Ward  says  this  machine  is  commcniy  used  in  the 
south  of  Bengal  to  wai^r  the  land.  Hist  Hindoos,  92»  Travelers  in 
China  have  noticed  it  in  use  there  ^  Where  the  elevation  of  the  bank 
over  which  water  is  to  be  lifted  is  trilling,  they  sometimes  adopt  the  fol- 
lowing simple  method.  A  light  water-tight  basket  or  bucket  is  held  sus- 
pended on  ropes  between  two  men,  who,  by  alternately  tightening  and  re- 
laxing the  ropes  by  which  they  hold  it  between  them,  give  a  certain 
swinging  motion  to  the  bucket,  which  first  fills  it  with  water,  and  then 
empties  it  by  a  jerk  on  the  higher  level ;  the  elastic  spring  which  is  in  the 
bend  of  the  ropes,  serving  to  diminish  the  labor.'*  Davis*  China,  Vol.  ii, 
358.  Chinese  Repos.  Vol.  iii,  125.  Sir  Creorge  Staunton  also  described  it, 
with  an  engraving ;  by  which  it  appears  the  Qiinese  do  not  use  a  bank  d 
earth  or  any  other  prop,  like  the  Egyptians,  to  fiupport  them  in  their  li- 
bor.  Osbeck  has  noticed  a  peculiar  feature  In  working  these  baskets.  Tfe 
says  Chinese  laborers  twist  the  cords  as  they  lower  the  vessel,  and  when 
it  is  raised,  the  untwisting  of  them,  overturns U  and  discharges  the  contents. 
This  mode  of  raising  water  in  China,  was  noticed  by  Game! It,  in  1695, 
although  not  particularly  described  by  him :  he  says  "  the  Chinese  draw 
up  water  in  a  basket,  two  men  working  at  the  rope.** 

Of  ail  employments  in  ancient  and  modem  ]^vpt,  this  may  be  consi 
dered  the  most  laborious  and  degrading.  The  wretched  peasants,  naked 
or  nearly  so,  may  be  seen  daily,  from  one  end  of  Egypt  to  the  other,  in 
the  exercise  of  this  severe  labor.  **^I  have  seen  them,**  says  Volney,  • 
**  pass  whole  days  thus  drawing  water  from  the  Nile,  exposed  naked  to 
the  sun,  which  would  kill  us.'*  To  this  mode  of  rusing  water  there  is 
probably  an  allusion  in  the  latter  clause  of  the  passage  already  quoted 
from  the  81st  Psalm:  ^His  hands  were  delivered  from  the  poto,'*  or 
'*  baskets^  as  the  word  is  sometimes  translated,  and  is  so  in  this  instance 
in  the  margin  of  the  common  English  version.  Indeed  it  was  .peculiarly 
appropriate  that  a  psalm,  written  as  this  was,  to  celebrate  the  deliverance 
of  the  Israelites  from  Egyptian  bondage,  should  allude  to  some  of  the 
severest  tasks  imposed  upon  them  while  under  it.  Rsising  the  water  to 
irrigate  the  l&nd  was  emphatically  ^  tbb  Xabob  of  Botpr,**  from  which 
they  were  freed. 

Some  additional  remarks  to  those  on  page  81,  respecting  other  arts  and 
customs  deFmeated  on  Egyptian  monuments,  may  interest  some  readers. 

Salting  fish  seems  to  have  been  a  regular  profession  in  ancient  Ecypt, 
and  by  processes  similar  to  those  now  in  use;  although  it  was  not  tiU  the 
15th  century  that  the  art  was  known  in  modern  Europe,  when  William 
Bukkum,  a  Dutchman  who  died  in  1447,  ''  found  out  the  art  of  salting, 
smoking,  and  preserving  herrings.**  It  is  also  not  a  little  singular  that  the 
^yptians  had  a  religious  rite,  in  which,  as  in  modem  Lent^  every  person 
ate  fi^  They  used  the  spear,  hook  and  line ;  drag,  seine,  and  otheSr  nets. 
Part  of  a  net,  with  leads  to  sink  it,  has  been  found  at  Thebes.  Wealthy 
bidividuala  had  private  fish  ponds,  in  which  they  angled.    They  hunted 


widi  dogs ;  and  also  with  the  lion,  which  wa.s  trained  for  chat  }i«jrpose. 
The  noose  or  lasso,  and  various  traps,  were  common.  Cattle  n'ere 
>•  branded  with  the  names  of  their  owners.  In  taking  birds,  they  had  decoys 
and  nets,  like  modem  fowlers.  Beer  was  an  Egyptian  beverage,  and 
onions  a  favorite  esculent — these  were  as  superior  in  taste  to  ours,  as  in 
the  elegance  of  the  bunches  in  which  they  were  tied.  At  feasts  they  had 
louAio  and  danoinfr^  cat^tanets^  and  even  the  pirouetis  of  Italian  and  French 
ariisie$.  They  had  ^fjrtwf^  at  meafe ;  and  wore  wreaths  of  flowers  and 
Doeegaya.  Essences  in  bottles  and  ointments,  ibe  odor  of  some  of  which 
remains.  The  ladies  wore  necklaces  formed  >  f  bead?  of  gold,  glass, 
and  of  precious  stones,  and  even  of  imitation  stones,  fn  dress  they  had 
cotton  and  linen  cloths ;  some  of  the  latter  were  so  fine  as  t4>  be  compared 
to  uxmen  air,  through  which  the  person  wns  distinctly  seen ;  and  the  forrrter 
of  patterns  similar  to  those  of  modem  calicos.  Ezekiel  speaks  of  ^  fine 
linen  with  broidered  work  from  Egypt  ;**  and  ui  Ex«>dus  it  is  often  men* 
tioned.  They  bad  tissues  of  silver  and  gold,  and  cloth  formed  wholly  of 
the  latter.  In  furniture,  carpets  and  mgs :  one  of  the  latter  was  fonnd  a^ 
Hiebes,  having  fif^ures  of  a  boy  and  a  goose  wi^ought  on  it.  Toilet  boxe<) 
inlaid  with  various  colored  woods,  and  ornamenled  with  ivory  and  golden 
studs.  Sofas,  chairs,  stools  and  ottomans,  all  imitated  in  modem  ai'ticle;;. 
Bedsteads  enclosed  in  mosques*  nets ;  and  pillows,  the  latter  of  wood,  th^ 
material  of  which  they  were  formerly  made  in  Europe.  Inlaid  works  of 
gold,  silver,  and  bronze.  Vases  of  elegant  forms  a.id  •elaborate  workman- 
ship :  great  numbers  of  these  are  represented  amc.ig  the  varieties  of  tribute 
carried  by  foreigners  to  Thothmes  III,  in  whose  reign  the  Israelites  lefb 
Egypt.  Door-hinges  and  bolts  of  bronze,  similar  to  the  modem ;  scale- 
beams,  enameling.  Gold-beating  And  gilding.  Gold  and  silver  wire ;  some 
specimens  are  flattened  with  the  hammer,  others  are  believed  to  have 
been  drawn.  Vesaels  with  spouts,  like  those  of  our  tea-kettles:  one  of 
the  best  proofs  of  skill  in  working  sheet  metal. 

Glass  blowers  are  represented  at  work,  and  vessels  identical  with  our 
demijohns  and  Florence  flasks  have  been  found,  and  both  protected  with 
reed  or  wicker  work — besides,  pocket  bottlas  covered  with  leather,  and 
other  vessels  of  glass,  cut,  cast,  and  blown.  Goldsmiths  in  tlieir  shops 
are  shown,  with  bellows,  blow-pipes,  crucible.^  and  furnaces ;  golden  bas- 
kets of  open  work ;  solder,  hard  and  soft,  the  latter  an  alloy  of  tin  and  • 
lead.  Stone-cutting;  the  fbrm  of  the  mallet  the  same  as  ours.  Chisels 
of  bronze;  one  found,  is  nine  and  a  quarter  inches  lonrr,  and  weighs  une 
pound  twelve  ounces — its  form  resembles  those  now  in  use.  Wheel- 
wrights and  carriage-makers  at  work ;-  from  which  it  is  ascertained  that 
the  bent  or  improved  carriage  pole  of  modem  days,  wa.s  in  use  upwards 
of  three  thousand  years  ago.  Carpenters  and  cabinet-makers'  shops,  are 
represented ;  from  which,  and  from  specimens  of  work  ojctant,  we  leam 
that  dovetailing  and  doweling,  glue,  and  veneertn^  were  common.  Adzes, 
saws,  hatchets,  drills  and  bows,  were  all  of  bronze.  Models  of  boats. 
Hie  leather-cutter's  knife  had  a  semicircular  bkdif,  and  was  identical  with 
the  modern  one.  Shoe  and  stmdal  makers  had  btraight  and  itent  awls ; 
the  latter  was  supposed  to  have  been  a  iui)dcni  invention — the  bristle  at 
the  end  of  a  tlireiad  does  not  seem  to  have  been  used,  as  one  person  is 
seen  drawing  the  thread  through  a  hole  with  his  teeth.  Lastly,  Egyptian 
ladies  wore  their  hair  plaited  and  curlcl ;  they  had  mirroi-s,  needles,  pins, 
and  jewelry  in  great  abundance ;  they  h.xi  ^ims  and  combs ;  one  of  the 
latter  has  teeth  larger  on  one  side  than  on  the  other,  and  thA  cei^tre  is  carved, 
and  was  probably  inlaid.  Their  children  had  dolls  and  eth*^T  toys;  and  . 
tbe  gentlemen  used  walking  canes  and  wore  wigs,  which  were  commoiu    ' 
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CHAPTER    XII. 


Hon  of  the  niachuieF  hitherto  noticed,  niae  vater  by  mMiu  of  flest* 
ble  cords  or  cbaine,  nnd  Hre  gonenUy  applicable  to  vella  of  gntX  depth. 
We  now  ent«r  upon  the  ossmination  of  aoother  variety,  vhioh,  with  one 
exception,  (the  chain  of  iota)  are  oompoacd  of  indexible  materials,  and 
laue  water  to  limited  heights  only.  Another  important  distinction  he> 
tween  them  is  this — In  preceding  machines,  the  'mechanical  powers'  are 
distinct  from  the  hydraulic  apparatua,  i.  e.  the  wheel*,  pulleys,  windlasa, 
capstan,  dec  form  no  essential  part  of  the  machine  proper  for  raising  the 
water,  but  are  merely  employed  to  transmit  motioti  to  them ;  whereas 
those  we  are  now  about  to  describe,  are  made  in  the  form  of  ievera, 
wheels,  Sio.  and  are  propelled  as  such.  The  following  figure,  represent! 
one  of  the  earliest  specimens. 


It  ia  nmply  a  trough  w  gutter,  the  open  end  of  whioh  rests  on  tin 
bank,  over  which  the  waior  is  h>  be  elevnted ;  the  other  end  being 
doanl  is  plunged  into  the  liquid,  and  then  raised  till  its  contents  are  dis- 
diarged.  It  forms  what  is  called  a  lever  of  the  second  order,  the  load 
bang  between  the  fiilorum  and  the  power. 


HalL    DnbltOBllB. 

This  figure  represents  an  improvement,  being  a  double  cutter,  or  two 
c^  the  former  united  and  plsced  octosh  a  troii[;h  or  reservoir  designed  to 
receive  the  water.  A  partition  is  formed  in  tne  cwitre,  and  two  openings 
made  through  the  bottom  on  each  of  its  sides,  through  which  the  water 
that  is  raised  wcapn.  The  machine  is  worked  by  one  or  more  men, 
irilo  alternately  plunge  the  ends  into  the  water,  and  oonaequeotly  pro 
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daoe  a  oontiDUOQs  discharge.  Sometimes,  openings  are  made  in  the  bot- 
tom next  the  laborers,  and  covered  by  flaps,  to  Mlmit  the  water  without 
the  necessity  of  wholly  immerRing  those  ends.  Machines  of  this  Icind  are 
described  by  Belidor,  but  he  has  not  indicated  their  origin.  From  their 
simplicity,  liiey  probably  date  from  remote  antiquity.  They  are  obviously, 
modifications  of  the  Jantu  of  Hindostan  and  otlicr  parts  of  Asia,  and 
were  perhaps  carried  to  Europe,  (if  not  known  there  before)  among  other 
iffiental  devices,  soon  after  a  communication  with  that  country  was  opened 
by  the  Cape  of  Good  Hope.. 


THS  JANTU. 

The  jantu  is  a  machine  extensively  used  in  Bengal  and  other  parts  of 
India,  to  raise  water  for  the  irrigation  of  land,  and  is  thus  described  by 
Mr.  Ward,  in  his  History  of  the  Hindoos.  "It  consists  of  a  hollow 
trough  of  wood,  about  fifteen  feet  long,  six  inches  wide,  and  ten  inches 
deep,  and  is  placed  on  a  horizontal  beam  lying  on  bamboos  fixed  in  the 
bank  of  a  pond  or  river.  One  end  of  the  trough  rests  upon  the  bank, 
where  a  gutter  is  prepared  to  carry  off  the  water,  and  the  other  end  is 
dipped  in  the  wat<>r,  by  a  man  standing  on  a  stage,  plunging  it  in  with  his 
foot  A  long  bamlxx)  with  a  large  weight  of  earth  at  the  farther  end  of 
it,  is  fastened  to  the  end  of  the  jantu  near  the  river,  and  passing  over  the 
gallows  before,  mentioned,  poises  up  the  jantu  full  of  water,  and  causes  it 
to  empty  itself  into  the  gutter.  This  machine  raises  water  three  feet,  but 
by  placi^ng  a  series  of  them  one  above  another,  it  may  be  raised  to  any 
height,  the  water  being  discharged  into  small  reservoirs,  sufficiently  deep 
to  admit  the  jantu  above,  to  be  plunged  low  enough  to  fill  it.''  Mr.  Ward 
observes  that  water  is  thus  conveyed  over  rising  ground  to  the  distance  of 
a  mile  and  more.  In  some  parts  of  Bengal  they  have  difierent  methods 
of  raising  water,  "  but  the  principle  ie  the  eame,^^ 

There  is  in  this  apparently  rude  machine,  a  more  perfect  application  of 
mechanical  science,  than  ijrould  appear  to  a  general  observer.  As  the  ob 
ject  of  the  long  bamboo  lever  is  to  overcome  the  weight  of  the  water,  it 
might  be  asked,  why  not  load  the  end  of  the  jantu  itself,  which  is  next  the 
bank  sufficiently  for  that  purpose,  and  thereby  avoid  the  use  of  this  ad- 
ditional lever,  which  renders  the  apparatus  more  complex,  and  apparently 
unnecessarily  so  1  A  little  reflection  will  develope  the  reasons  that  led  to 
its  introducUbn,  and  will  at  the  same  time  furnish  another  proof  of  oriental 
ingenuity.  As  the  position  of  the  jantu  is  nearly  horizontal  when  it  dis- 
dmrges  the  water,  if  the  end  were  loaded  as  proposed,  it  would  descend 
on  the  bank  with  an  increasing  velocity ;  for  the  weight  would  be  at  the 
end  of  a  lever  which  virtually  lengthened  as  it  approached  the  horizontal 
position ;  and  this  efllect  would  be  still  further  augmented  by  the  resistance 
of  the  water  diminishing  as  the  jantu  rose,  that  is,  by  its  flowing  towards 
the  centre — the  consequence  would  be,4hat  the  violent  concussions,  when 
thus  brought  in  contact  with  the  bank,  would  speedily  shake  it  to  pieces. 
Now  this  result  is  ingeniously  avoided  by  the  lever  and  its  weight.  Thus, 
when  the  laborer  has  plunged  the  end  of  the  jantu  next  him  into  the 
water,  this  lever  (as  we  suppose,  for  we  have  not  seen  a  figure  of  it)  is 
placed,  so  as  to  be  nearly  in  a  horizontal  position^  by  which  its  maximum 
force  is  exerted  at  the  precise  time  when  it  is  required,  i.  e.  when  the 
jantu  is  at  its  lowest  position  and  full  of  water;  and  as  the  latter  ascends, 
the  loaded  end  of  the  lever  descends,  and  its  force  diminishing,  brings  the 
end  of  the  jantu  gradually  to  rest.  A  somewhat  similar  effect  might  be 
produced,  by  making  the  load  on  the  lever  descend  into  the  water,  es- 
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peoially  if  its  specific  gravity  varied  but  litda  from  that  fluid.  Traits 
like  this,  which  are  often  found  ia  ancient  devices,  are  no  mean  proofs  of 
skill  in  the  older  mechaniciaLs ;  and  as  professors  of  the  fine  arts,  discover 
the  works  of  masters  by  certain  characteristic  touches,  and  by  the  general 
efi^t  of  a  painting  or  sculpture — so  professors  of  the  useful  arts  may  poinr 
to  features  like  the  above,  as  proofs  that  they  bear  the  impress  of  the 
master  mechanics  of  old. 

At  what  period  in  the  early  history  of  our  species  this  class  <  f  ma- 
chines was  first  devised,  can  only  be  conjectured ;  they  are  eviderlly  of 
very  high  antiquity;  this  is  inferable  not  only  from  their  simplicity,  ex- 
tensive use  over  all  Asia — where  it  may  be  said,  machines  for  raising  wa- 
ter have  never  changed — but  also  from  the  mode  of  working  them,  6y  the 
fieL  Every  one  acquainted  with  the  Bible,  knows  that  numerous  opera- 
tions were  thus  performed.  The  juice  of  grapes  was  expressed  by  men 
treading  them;  and  the  tombs  of  Egypt  contain  sculptures  representing 
this  and  other  operations.  Mortar  was  mixed  and  clay  prepared  for  the 
pocter  by  the  feet.  The  Chinese  work  their  mangles  by  the  feet ;  and 
both  they  and  modem  Egyptians,  and  Hindoos,  move  a  variety  of  other 
machines  by  the  same  means :  among  these  are  several  for  raising  water, 
as  the  Pii.-ritah  of  Hindostan,  (described  in  the  next  chapter,)  the  chaLi 
pump  of  China,  and  we  may  here  remark,  that  all  the  maoiiues  for  raising 
water  described  by  Vitruvius,  with  one  exception,  were  propelled  by  the 
feet,  or  as  expressed  in  the  English  translation,  by  the  '*  treudiiig  of  men." 
It  is  not  at  all  improbable,  that  to  the  Jantu,  Moses  alluded  when  descri- 
bing to  his  countrymen  the  land  to  which  he  was  leading  them :  ^' A  land 
of  hills  and  valleys,'*  that  '^drinketh  water  of  the  rain  of  heaven,"  whero 
they  should  not  be  employed,  as  in  Egypt,  where  rain  was  generally  un 
known,  in  the  perpetual  labor  of  raising  it  to  irrigate  the  soil :  ^  For  the 
land  whither  thou  goest  in  to  possess  it,  is  not  as  the  land  of  Egvpt  from 
whence  ye  came  out,  where  thou  sowedst  thy  seed,  and  iDatereast  it  with 
thy  fooL^^  Deut.  xi,  10.  Some  authors  suppose  this  passage  refers  to  the 
oriental  custom  of  opening  and  closing  the  small  channels  for  water,  that 
intersect  the  fields  j  but  this  trifling  labor  would  scarcely  have  been  men* 
tioncd  by  Moses,  as  constituting  an  important  distinction  between  the  two 
countries.  It  was  in  fact  common  to  both.  It  is  much  more  probable 
that  he  referred  to  the  severe  and  incessant  toil  of  raising  water,  to  which 
they  had  been  subject  in  Egypt,  and  which  would  be  in  a  great  degree 
superseded  in  Canaan  by  the  *'  rain  of  heaven."  lie  could  not  possibly 
have  pointed  out  to  them,  a  more  encouraging  feature  of  the  country  to 
which  they  were  migrating. 

A  very  interesting  proof  that  the  Egyptians  in  the  time  of  Moses  did 
propel  machines  by  the  feet,  has  recently  been  brought  to  light  In  one 
of  the  tombs  at  Thebes,  which  bears  the  name  of  Thothmbs  III.,  there 
is  a  sculptured  representation  of  some  Egyptian  bellows  which  were  thus 
worked.  We  shall  have  occasion,  to  refer  to  them  when  we  come  to  in- 
quire into  the  history  of  the  pump,  in  the  third  book.  This  mode  of 
transmitting  human  enei^y  appears  to  have  been  quite  a  favorite  one  in 
ancient  times;  for  the  purpose  of  illust**ation  we  will  describe  one  which 
is  identical  with  the  Jantu ;  and  is  moreover  one  of  tr.e  most  common  im 
piemen ts  connected  with  ancient  and  modem  agriculture  in  the  east :  ^*  The 
rsDAL,"  says  Mr.  Ward,  ''Is  a  rough  piece  of  wood,  generally  the  trunk 
of  a  tree,  balanced  on  a  pivot,  with  a  head  something  like  a  mallet ;  it  ia 
used  to  separate  rice  from  the  husk,  to  pound  brick  dust  for  buildings,  (ko. 
A  person  stands  at  the  further  end,  and  with  his  feet  presses  it  down, 
which  raises  up  the  head,  after  which  ho  lets  it  fall  on  the  rice  or  brick. 
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'^One  of  these  pedals  is  net  ap  at  almost  (very  house  m  country  plaees.** 
This  primitive  implefnent  is  also  in  general  use  in  the  agricultural  districts 
of  China.  ^*  The  next  thing,"  says  a  writer  in  the  Chinese  Repository, 
Yol.  iii,  233,  '^is  to  divest  the  grain  of  the  husk  ;  this  Is  done  by  pounding 
it  in  stone  mortars ;  two  uf  these  are  placed  in  tbe  ground  together,  and 
have  corresponding  pentles  of  w(K>d  or  stone  attached  to  long  levers.  A 
laborer  by  alternately  stepping  upon  each  lever  pounds  the  grain,  &c.'* 
Paper  mills  of  the  Chinese,  by  which  the  shreds  of  bamboo  and  the  fa- 
rina of  rice  are  reduced  to  a  pulp,  are  precisely  the  same,  and  worked  by 
men  treading  on  levers  as  in  the  jantu.*  And  we  may  add,  that  the  paste 
of  which  Macaroni  is  made,  is  kneaded  by  a  similar  implement,  and  which 
the  Romans  probably  received  from  the  east. 

Hence  it  appears  that  the  jantu  is  merely  one  of  a  class  of  machines 
of  similar  construction  and  moved  in  tbe  same  manner;  Hud  as  the  pedal 
of  the  Hindoos  is  supposed  to  be  as  old  as  their  Agriculture,  the  jantu 
may  certainly  be  considered  equally  ancient,  for  it  is  the  more  important 
machine  of  the  two.  They  both,  however,  appear  to  have  had  a  com- 
mon origin ;  and  to  have  come  down  together  through  the  long  vista  of 
past  ages,  without  the  slightest  alteration.  The  fact  of  the  jantu  being 
still  used  in  India  proves  its  antiquity,  for  it  is  well  known  that  the  Hin- 
doos retain  the  same  customs  and  peculiarities  that  distinguished  their  an- 
cestors thousands  of  years  ago.  **  A  country,"  says  Dr.  Robertson,  ^  where 
the  customs,  manners,  and  even  dress  of  the  people,  are  almost  as  perma- 
nent and  invariable  as  the  face  of  nature  itself."  This  attachment  to  an- 
oient  customs  exists  with  singular  force  in  regard  to  every  thing  con- 
nected with  their  agriculture.  Like  the  Chinese  and  some  other  people  of 
the  east,  nothing  can  induce  them  to  deviate  from  the  practice  of  their 
forefathers,  either  as  it  regards  their  implements  or  modes  of  cultivation. 
And  when  we  bear  in  mind,  that  the  Hindoos  were  among  the  earliest  of 
civilized  people;  that  it  was  their  arts  and  their  science  which  enlightened 
the  people,  who,  in  the  early  ages,  dwelt  in  the  valley  of  the  Nile;  we 
can  readily  admit  that  the  jantu  was  used,  in  the  time  of  Moses,  and 
that  to  it  he  alluded  in  the  passage  already  quoted ;  but,  be  this  as  it  may, 
It  may  safely  be  considered  as  a  fair  specimen  of  primeval  ingenuity  in 
applying  human  effort,  as  well  as  in  raising  water;  and  in  both  respects  is 
entitled  to  the  lengthened  notice  we  havH  given  it. 

These  machines  when  worked  by  the  feet  raise  water  only  about  three 
feet,  but  where  the  elevation  is  greater,  they  have  been  moved  by  the 
hands,  by  means  of  ropes  and  a  doul>le  lever,  as  in  the  next  figure ;  the  open 
ends  being  attached  by  pins  to  the  edge  of  the  reservoir.  In  this  maimer 
water  may  be  raised  five  or  six  feet  at  a  single  lifl,  according  to  the  length 
of  the  gutter. 

Contrivances  of  the  kind  were  formerly  used  in  Europe;  and,  as  in  the 
eastern  world,  series  of  them  were  sometimes  employed  to  raise  wa« 
ter  to  great  elevations,  to  the  top  of  buildings,  &c.  They  are  figured 
and  described  in  Serviere's  collection.  A  number  of  cisterns  are  placed  at 
equal  distance  above  each  other  from  the  ground  to  the  roof.  In  these, 
gutters  are  arranged  as  in  the  figure ;  the  lowermost  raises  water  into  the 
first,  into  which  others  dip  and  convey  it  to  the  next  one,  and  so  to  the 
highest.  In  some,  the  gutters  are  worked  by  a  combination  of  levers ;  in 
others,  by  ropes  passing  over  pulleys  at  the  highest  part  of  the  building  and 
united  to  a  crank  that  is  attached  to  a  water  wheel  or  other  first  mover. 


•  Breton's  China,  Vol.  ii,  89  and  Tol.  iv,  27.  * 
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VftriouB  form*  of  the  nttera  are  figured,  (the  headi  of  lOine  Tike  Uiit 
bowls,)  u  well  u  fflodm  of  workiog  them.    B«e  figure  No.  S2. 


•      Ho.n.    OomblBUloa  dT  LsTca  mnd  QolUn. 

There  la  another  modificstioD  of  the  jantu,  b;  which  water  maj  be 
raUed  to  great  elevations.  A  nurnberof  gutters,  open  at  both  ends,  are 
permanently  connected  to,  and  over  each, other,  in  a  zigzag  direction,  bo 
that  while  one  end  of  the  lowest  dips  in  the  water,  its  other  end  inolinea 
upwards  at  an  angle  proportioned  to  the  length  of  the  gutter  and  the 
motion  to  b<>  given  to  it,  and  is  unit«d  to  the  lower  end  of  the  next  one, 
which  alw  IncIineB  upwards,  but  in  an  opposite  direction,  and  Is  united  to 
the  next,  and  so  on,  the  length  of  each  diminishing  as  it  approaches  the 
top,  as  in  the  follow  iug  figure. 


No.  a.    PaoduliiD  CM'  Bwlnilns  Quttan. 

In  the  bottom  of    eadi,  an  opening  is  made  and  oovered  by  a  (tap  or 
valve  to  prevent  the  water,  when  once  past  through,  from  returning.    All 
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tlw  gutters  are  secured  to  &  frame  of  wood  which  is  snspendud  on  a  pin 
•eoured  to  a  beam,  ao  ^i^^.  by  pulling  the  cords  alternately  the  whole mity 
be  m&de  to  oscillate  lihe  a  pendulum.  Thus,  when  pulled  to  one  side, 
one  of  the  lowest  guttov^  dips  into  water,  and  scoops  up  a  portion  of  i^ 
to  facilitate  whioh  the  end  '»  tvjrved ;  and  as  it  rises,  the  liquid  runs  along 
to  the  &rther  end,  and  pAmiiif;  through  the  valve  is  reUuned  till  the  mo- 
liou  is  reversed,  when  it  llows  .1  'wn  to  the  next  gutter,  and  passing  through 
its  valve,  ia  again  ooritinue<1  in  Lhe  sam*  innti'ier  to  the  next ;  entering  at 
every  oacillaiion  the  gutter  above,  till  il  rinches  the  highest ;  and  froRL 
which  it  is  di^cliarged  intoA  reservoir,  ovi.r  whioh  the  last  one  ia  made  to 
project.  A  double  set  o(  gutters,  aa  shown  in  the  figure,  was  sometimes 
attached  to  the  same  frame,  so  that  a  continuous  stream  could  be  dischaig- 
ed  into  lhe  reservoir.  Machines  like  the  above  are  more  ingenious  than 
useful.  They  do  not  appear  t»  have  ever  been  extennvely  used,  although 
they  are  to  be  found  in  the  works  of  several  old  writers  on  hydraulics. 
The  cme  represented  by  the  figure  ia  described  by  Belidor  as  the  inven- 
tion of  M.  Morel,  who  raised  water  by  it  15  or  16  feet.  Similar  machinea 
were  known  in  the  preceding  century.  A  pendulum  for  raising  water  is 
described  at  page  95,  of  tha  first  volume  of  machinea  approved  by  the 
French  Academy,  and  at  page  205,  is  a  "  hydraulic  nnachine"  by  A.  De 
Courdemoy,  similar  to  the  one  we  have  copied  ;  except  that  square  tubes 
were  used  instead  of  open  gutters ;  they  were  also  of  equal  length,  and 
attached  to  a  rectnnguUr  frenie,  but  were  suspended  and  worked  in  the 
•ame  manner  as  No.  33. 

A  diflereiit  mode  uf  working  these  machinea  was  devised  by  an  Eng- 
Ibh  engineer.  In<<tead  of  ouspending  the  frame  like  a  pendulum,  he 
made  toe  lower  part  terminate  in  roektrt  like  those  of  a  cradle ;  these 
resting  oh  a  smooth  horizontal  plane,  a  slight  impulse  put  the  whole  ia 
motiiHi.  The  lowest  gutters  at  each  oscillation  dipped  into  the  water,  and 
raised  a  portitm,  as  in  the  preceding  figure. 


Ha  M.    Dulsb  Sconp. 

Among  other  simple  devices,  is  the  Dutch  scoop,  fi^uently  uaed  by 
llutt  people  in  raising  water  over  low  dykes.     It  is  a  kind  of  box-«hoTel 
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suspended  by  cords  from  a  triangular  frame,  and  worked  as  repreoented 
in  the  figure.  By  a  sweeping  movement,  an  expert  laborer  will  llirow 
up  at  each  stroke,  a  quantity  of  water  equal  to  the  capacity  of  the  shovel, 
although  from  its  form,  such  a  quantity  could  not  be  retained  in  it. 

Hie  Flash  Wheel,  is  another  or)ntrivance  to  raise  large  quantilses  of  w»> 
ter  over  moderate  heights,  being  extensively  used  in  drainiiiff  wet  lands, 
particularly  the  fens  of  England.  It  is  made  just  like  the  wheel  of  a  steam- 
iMiat,  and  when  put  in  rapid  motion,  generally  by  a  windmill,  it  pushes 
the  water  up  an  inclined  shute,  which  is  so  curved,  that  the  paddles  maj 
sweep  close  to  it  and  consequently  drive  the  liquid  before  them.  The 
*  back  water*  thrown  up  by  the  paddle  wheels  of  steam  vessels  is  raised 
in  a  somewhat  similar  manner. 


CHAPTER    XIII. 

Tbb  Swaps  :  Uaed  tn  modern  and  ftneient  Egypt— Baprawnted  in  Kalptimtal  Thebes— Alladed  to 
by  Herodotus  end  Mmroellus— Deaeribed  by  Pliny— Picotah  of  India :  agttiiy  of  the  Rladooi  In  worklof 
II.  Cblaeee  Swape— Similar  U>  Uie  maohlnea  employed  In  erecti ng  Uie  pyraald»— Hie  Sirape,  eeea  ta 
Pamdiae  by  Mahomet— ngiire  of  one  near  Uie  oity  of  Magnesia- Aaglo  Saxon  Owape  Formefty  naod 
In  English manufkcturles—Flguresfroro the  Nuremburgh  ChrcmicIe,BCnnster'sCoamography,  andBe»- 
■on^Tbeaire  dee  Instrumena.  The  awape  cocunon  In  North  and  South  America— Bzamp)ee  of  Its  uae 
In  watering  gardens— Figures  of  it,  the  oldest  representations  u(  any  hydraalic  machine— Mechanical 
speculations  of  Ecclesiastics :  Witklns*  projects  for  aerial  navigation— Mecliniifeal  and  theological  par> 
•nits  combined  In  the  middle  ages— Gerbert—Ounstan— Bishops  femoos  as  Oastie  srchlteeUH- 
Andfoldes— Boodeofgmee  Bhrineof Beetot— Speaklngimagee  Ohemiealdacapttoii»3»mnMlMiteM 
■MOiCiiiila. 

Of  machines  fbr  raising  water,  the  Swape  has  been  more  extensively 
used  in  all  age's,  and  by  all  nations,  than  any  other.  Like  most  im- 
plements for  the  same  purpose,  its  application  is  confined  within  certain 
limits ;  but  these  are  such  as  to  render  it  of  general  utility.  The  mtotal 
or  swinging  basket,  and  the  jantu,  raise  the  liquid  from  two  to  throe 
feet  only  at  a  lift,  while  the  swupe  elevates  it  from  five  to  fifteen,  and  in 
some  cases  still  higher.  It  Is  not,  however,  well  adapted  for  greater  eleva- 
tions ;  a  circumstance  which  accounts  for  its  not  having  been  much  used 
in  the  wells  of  ancient  cities — their  depth  rendered  it  inapplicable,  as  the 
generality  of  ours  do  at  this  day.  In  Egypt,  this  machine  is  named  the 
Shadoofs  and  in  no  oountry  has  it  been  more  extensively  employed.  In 
modem  days,  more  persons  are  there  engaged  in  rasing  water  by  it  and 
the  mental,  than  are  to  be  found  in  any  other  class  of  ^yptian  labourers. 
They  raise  the  liquid  at  each  lift  about  seven  feet,  and  where  it  is  re- 
quired higher,  series  «of  swapes  are  placed  at  proper  distances  above 
each  other,  in  a  similar  manner  as  the  Hindoos  arrange  the  jantu,  and 
as  shown  in  the  figure,  (No.  35.)  The  lowermost  labourer  empties  his 
vessel  into  a  cavity  or  basin  formed  in  the  rock,  or  in  soil  rendered  imper- 
vious to  water,  three  or  four  feet  above  him,  and  into  which  the  next  one 
plunges  his  bucket,  who  raises  it  into  another,  and  so  on  till  it  reaches  the 
reqiiired  elevation.  M.  Joinard,*  says  it  is  not  uncommon  to  see  from 
thirty  to  fifty  shadoofs  at  one  place,  raising  water  one  above  another.  At 
£sne,  he  saw  twenty-seven  Arabs  on  one  tier  of  stages,  working  fourteen 

•  Onnde  DMoriptMo  SL  M.  Tom.  iL    Msmoii^  Fini  %  p.  780. 


Cbmp.  IS.*)  AneUnt  Egi/plimk  S»afe,  96 

doulile  awapea,  i.  e.  two  on  each  frame,  the  bucket  of  one  deeoetidiog  u 
die  other  rises.  I'hey  were  relieved  evnry  hour,  so  that  R% -four  roeo  were 
required  to  keep  the  machinea  copstanlly  in  motion.  The  orerseer  or 
task-master  measured  the  time  b;  the  sun,  and  sometimes  by  a  simi^t 
«lepit7dra  ac  water-dock. 


It  is  iinpoBslble  to  pamnp  the  Nile  in  certain  states  of  the  river,  without 
beiDg  mrpived  at  the  myriaJds  of  tiiese  levers,  and  at  thei^  unoeasinf;  mnve- 
jnents ;  lor  by  relays  of  men,  they  are  often  worked  without  intermission, 
both  night  and  day.  In  Upper  £gypt  especially,  where  fVom  the  elevation 
of  the  banks  tk>y  are  more  necessary,  and  of  oourse  more  numerous,  the 
•pectaole  is  animating  in  a  high  degree,  and  cannot  but  recall  to  reflecting 
minds  similar  scenes  in  the  very  same  places  in  past  ages,  when  the  popu- 
lation was  greatly  more  dense  than  at  present,  and  the  country  furnished 
grain  for  surrounding  nations.  In  some  parts,  the  banks  appear  alive  with 
men  raising  water  by  swapes  and  the  effect  is  rendered  still  more  impre^ 
Itc  by  the  songs  and  measured  ohantings  of  the  laborers,  and  the  incessant 
groans  aud  crMkings  of  the  machines  themselves.  To  the  ancient  enstunt 
of  singfa^  whilt  raiiinif  valer,  there  is  an  evident  allusion  in  Isaiah,  xii,  3. 
DMnfbn  widi  joy  ^11  ye  draw  water  out  of  the  wells  of  Salvation. 

The  Arabs  have  a  tradition 
that  lite  shadoof  was  used  m 
the  times  of  the  Pharaohs,  and 
a  proof  that  such  was  the  fiict, 
bu  recently  been  fiimished  by 
Mr.  Wilkinson,  (Vol.  ii,  5,)  who 
found  the  remains  of  one  in  an 
ancient  t/>mb  at  lliebes ;  in  ad- 
dition to  which  they  are  reprtt- 
^  r'V'^^  sented  in  scnlplures  which  date 

^  ^         1  k   *^i  from  ISSStolSSOB-Caperi- 

Lil     ^n4  ^  extending  beyond  the  Exo. 

dus.     No.  36.  represents  it  aa 
\  uwd  at  that  remote  period  for 
the  irrigation  of  land. 

%)rpdal>M^elllamitmflMurlirttaa>inpa.   FminlplvM M1WIM 
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It  appears  to  have  formed  one  of  a  series,  designed  to  raise  water  over 
the  elevation  feebly  portrayed  in  the  back  ground,  in  precisely  the  same 
way  that  is  now  common  in  Egypt  and  in  the  east,  and  as  ^own  in  No.  85. 
The  remark  of  a  traveler  thot  a  Chinese  seemed  to  him  ^  an  antediluvian 
renewed,"  might  with  equal  propriety,  be  applied  to  a  modem  Arab 
raising  water  by  this  implement  from  the  Nile ;  and  the  figure,  No.  36, 
might  be  taken  as  a  probably  correct  representation  of  an  antediluvian 
laborer  engaged  in  the  same  employment  On  comparing  the  last  two 
cuts,  the  former  having  been  sketehed  by  Mr.  Wilkinson,  from  life,  but 
three  years  ago ;  and  the  latter  copied  from  sculptures  that  have  been 
executed  upwards  of  three  thousand  years,  we  see  at  once,  that  the  swape 
has  undergone  as  little  change  in  Egypt  since  the  times  of  the  Pharaohs, 
as  the  costume^  if  such  it  may  be  called,  of  the  laborers  themselves ;  in  other 
wordR  both  remain  the  same.  The  discovery  of  this  implement  .among 
the  sculptures  of  ancient  Egypt  tends  to  corroborate  our  views  respecting 
the  antiquity  of  other  machines  for  the  same  purpose,  and  which  like  it  are 
still  in  common  use  in  the  east  It  also  admonishes  us  not  to  reject  as  im- 
probable or  fabulous,  current  onental  traditions ;  since  they  are,  as  in  the 
case  of  this  machine,  often,  if  not  generally,  founded  in  truth. 

The  swape  seems  to  be  alluded  to  by  Herodotus,  vi,  110,  as  used  in 
Persia  in  his  time.  He  observes  that  Darius,  the  father  of  Xerxes,  sent 
some  captives  to  a  oertein  distanoe  from  Susa,  and  forty  furlongs  from  a 
well,  the  contents  of  which  were  ^  drawn  up  with  an  enffine,  to  which  a 
kind  of  bucket  is  suspended,  made  of  half  a  skin ;  it  is  then  poured  into 
one  cistern  and  afterwards  removed  into  a  second."  This  appears  to 
have  been  the  shadoof  of  the  Egyptians,  as  figured  in  No.  35,  to  which 
there  is  probably  a  reference  also  in  Clio,  193,  where  he  says  the  Assyri- 
ans irrigated  their  lands  from  the  Euphrates  ^  by  tnanual  labor  and  by 
hydraulic  enginetJ*^  Aristotle  mentions  the  swape  as  in  comn'.on  use  amcng 
the  Greeks.*  Dr.  Clarke  sayb  some  of  the  wells  of  Greece  were  not 
deep,  and  pulleys  were  not  used,  only  buckets  with  ropes  of  twisted  herbs,  - 
and  sometimes  the  water  was  raised  by  a  '  huge  lever,  great  stones  being 
a  counterpoise  to  the  other  end.'  A  circumstance  connected  with  the 
overthrow  of  the  Syracusians,  and  the  death  of  Archimedes,  in  which  tha 
swape  is  referred  to,  may  here  be  noticed.  When  the  Roman  vessels,  at 
the  siege  of  Syracuse  were  grappled  by  hooks  and  elevated  in  the  air, 
by  levers  that  projected  over  the  walls  of  the  city,  their  resemblance 
to  vessels  of  water  raised  by  the  swape,  was  so  striking,  ihat  Maroellus 
was  wont  to  say,  ^  Archimedes  used  his  ships  to  draw  water  with.^  'Ehls 
remark  of  the  Koman  general  clearly  shows  that  the  swape  was  very  fa- 
miliar to  hiir.  and  to  his  countrymen.  But  wo  are  not  left  to  circumstan- 
ces like  this  to  infer  its  use  among  the  Romans.  Pliny  expiessly  men- 
ticns  it  among  the  machines  for  raising  water.  As  the  passage  is  highly 
interesting,  and  as  we  shall  have  occasion  to  refer  to  it  hereafter,  it  may 
as  well  be  inserted  hero.  It  is  in  the  fourth  Chapter  of  the  Nineteenth 
Book,  "  On  Gardens :"  "  above  all  things  there  should  be  water  at  com- 
mand,  (if  possible  a  river  or  brook  rutinun;  through  it,  but  if  neither  can 
be  obteined,)  then  they  are  to  be  watered  Mith  pit  water,  fed  with  springs; 
either  drawn  up  by  plain  poles,  hooks,  and  buckets ;  or  Jwreed  by  pumps 
and  such  like,  going  with  the  strength  of  wind  enclosed,  or  else  weighed 
up  with  swipes  and  eranesP    Holland^s  Trans. 

The  Swape  is  extensively  used  over  all  Hindostan.  *"the  peasants, 
morning  and  evening. draw  water  out  of  wells  by  buffaloes  or  oxen,  or 

•  Bishop  WittanB  on  the  lev«r.    ^  Flutardi't  life  of  MhooI1u%  Wiangfasm's  ookea 
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«be  b;  &  diwait  poit,  poUed  widi  a  sufficient  weiglit  st  the  extrMDitjr  Im4 

ovor  one  fixed  io  the  earth ;  the  water  is  drawn   by  a  bucket  of  goat'i 

Aiu."*     la   aoiiie   dittricu,  the   Hindooa  have   a  mode   of  working  the 

Swape,  which,  ao  far  as  we  know,  is  peculiar  to  thenuelves.     In  Patna 

jt  it  oommon,  and  the  mtohme  when  ihu*  propelled,  i«  named  the  PteoCak, 

"  Near  the  well  or  tank,  a  pieoe 

of  wood  ii   fixed,  forked   at  the 

t  top;  in  this  fork  another  pitico   of 

wood  ia  fixed  to  form  a  swapa, 

which    is    formed    by   a   peg,   and 

steps  cut  out  at  the  bottom,  that 

the   peraon   who   works  the    m»- 

chine  may  easily  get  up  and  down. 

Commonly,  the  lower  pait  of  the 

swape  is  the  trunk   of  a  tree;  to 

the  upper  end  is  fixed  s  pole,  at 

the  end  of  which  hangs  a  leather 

bucket.     A  man  gets  up  thu  steps 

to  the  top  of  the  swape,  and  sup* 

porta  himself  by  a  bamboo  screen 

erected   by  the  sides  of  the  nia- 

chine."     He    plusgei    the  bucket 

into  the  water,  and  draws  it  up  by 

-  his  weight;  while  another  person 

.  stands  ready  to  empty  it.     In  tho 

:  volume  of  plates  to  the  Paris  edi* 

^  tion,  1606,  of  Sonnerat's  Voyages, 

;  the  machine  is  represented  rather 

different  from  the  above.     The  )a- 

ao.31.  rtsauk  of  HiMisdu.  borer  alternately  steps  on  and  off 

the  swape,  from  a  ladder  or  stage  of  bamboos  erected  on  one  side  of  it 

See  plate  '23,  SonneraL 

The  apparatus  and  mode  of  working  it,  is  more  fully  described  in  the 
following  extract  from  'Shoberl's  Hindostan  in  Miniature.'  "By  the  side 
of  the  well  a  forked  piece  of  wood,  or  even  a  stone,  eight  or  ten  feet 
high  is  fixed  upright.  In  the  fork,  ia  fastened  by  means  of  a  peg,  a  beam 
three  dmes  as  long,  which  gradually  tapers,  and  is  furnished  with  steps 
like  those  of  a  ladder.  To  the  extremity  of  this  long  beam,  which  is  ca* 
p&ble  of  moving  np  and  down,  is  attached  a  pole,  to  the  end  of  which  is 
suspended  a  large  leather  bucket  The  other  end  being  the  heaviest, 
when  the  machine  is  left  to  itself,  the  bucket  hangs  in  the  air  at  the  height 
of  twenty  feet ;  but  to  make  it  descend,  one  man,  and  someUmes  two, 
mount  to  the  middle  of  the  beam,  and  as  they  approach  the  bucket,  it 
nii)u  to  the  bottom  of  the  well,  and  fills  itself  with  water.  The  men  then 
move  back  to  the  oppoaite  end,  the  bucket  is  raised,  and  another  man 
empties  it  into  a  basm.  This  operation  is  performed  with  such  celerity 
that  the  water  *ever  etate*  running,  and  you  n»i  tcar&iy  ut  the  vmn 
moving  along  his  beam ;  yet  he  is  sometimes  at  the  hei<rht  of  twenty 
feet,  at  others,  touching  the  ground;  and  such  is  his  confidence,  that  he 
Unghs,  sings,  smnkes,  and  eats  in  this  apparently  ticklish  situation."  Vol. 
h*,  p.  22,  24.  This  mode  of  applying  hnman  effort,  was  eiirly  adopted  in 
tbe  working  of  pumps — a  piston  rod  being  attached  to  each  end  of  tlia 
vibrating  beam.     Dr.  Lardner,  has  inserted  a  figure  of  it  in  his  popular 
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treatise  on  Pneumatics.  It  is  figured  in  nost  of  the  oU  authon,  «nd  waa 
tnost  likely,  copied  from  the  Piootah,  and  other  oriental  maohines,  which 
iiave  been  propelled  in  a  similar  manner  from  very  remote  times.  See 
Gregory's  Mechan.  Vol.  ii,  312.    Ed.  1816. 

The  Swape  is  one  of  the  ancient  and  modem  implenrents  of  Ghina^ 
where  it  is  used,  as  in  Bgypt  and  India,  for  the  irrigation  of  hmd.  It  is 
frequently  made  to  turn  in  a  socket,  (or  the  post  itself  moves  round,)  in 
addition  to  the  ordinary  vibratcMy  motion.  In  several  situations,  this  is  a 
decided  improvement,  as  the  vessel  of  water  when  raised  above  the  edee 
of  a  tank  or  river,  can,  if  desirable,  be  swung  round  to  any  part  of  the 
circle  which  it  describes.  Sir  G^rgc  Staunton,  has  given  a  figure  of  it, 
which  Mr.  Davis  has  copied  into  his  popular  vrork  on  the  Chinese.  When 
thus  constructed,  it  is  according  to  Groraet,  (Tom.  iii,  Origine  des  Loix,) 
identical  with  the  engines  mentioned  by  Herodotus,  B.  ii,  125,  as  em- 
ployed in  the  erection  of  the  Egyptian  pyramids;  these,  he  supposes  were 
portable  swapes,  or  levers  of  the  first  order,  with  a  rotary  movement  like 
those  of  the  Chinese.  A  number  of  these  being  placed  on  tlie  lowest 
tier  of  Stones  which  formed  the  basis  of  the  pyramids,  were  used  to  raise 
those  which  form  the  second  tier ;  after  whicn,  other  swapes  were  placed 
•on  the  latter  and  materials  raised  by  them  for  the  third  range,  and  m  like 
manlier  to  the  top.  This  was  the  procen  which  Herodotus  says  was 
adopted.  M.  Goguet,  supposes  that  two  swapes  were  employed  in 
raising  every  stone,  one  at  each  end,  and  that  the  levers  were  depressed 
by  a  number  of  men  laying  hold  of  short  ropes  attached  to  them  lor  that 
purpose.  This  mode  appears  to  accord  with  the  meagre  description  of  die 
machines  used  in  the  erection  of  the  pyramids,  which  the  father  of  history 
has  given. 

It  has  already  been  observed,  that  the  engines  employed  by  Archimedes 
to  destroy  the  Roman  ships  in  the  harbor  of  Syracuse,  were  so  analagous  to 
the  swape,  as  to  elicit  from  Marcellus,  an  observation  to  tliat  efiect  In  fact, 
machines  similar  to  it,  were  used  by  ancient  engineers  both  for  attacking  and 
defending  cities.  Vegetius,  says  they  were  used  to  raise  soldiers  to  the  tops 
of  walls,  &c.  In  the  oldest  translation  of  his  work,  (Erffurt,  1511,)  there 
is  a  figure  of  it,  which  is  identical  with  the  Chinese  swape,  and  with  that 
which  Groguet  supposes  was  used  by  the  old  engineers  of  Egypt.  Bar- 
baro,  in  his  edition  of  Vitruvius,  also  figures  it.  In  RoUin's  'Arts  and 
Sciences  of  the  Ancients,'  are  several  examples  and  figures  of  it,  applied 
to  the  purposes  of  war ;  and  among  others  to  the  destruction  of  the  Ro- 
man vessels  before  Syracuse. 

A  story  in  the  '  Hegiat  al  Megiales'  shews  how  common  it  was  in  Arabia 
in  the  seventh  and  preceding  centuries.  Mahomet  in  one  of  his  visions 
of  paradise,  "  saw  a  machine  much  used  in  the  Levant  for  drawing 
water  out  of  wells,  called  by  the  Latins  TdUem^  and  consisdng  of  a  long 
lever  fixed  on  a  post,  [Le.the  swape.]  Enquiring  to  whom  it  belonged,  he 
was  told  it  was  Abougehel's,  (the  bitterest  enemy  to  him  and  his  religion.) 
Surprised  at  this,*he  exclaimed,  '  what  has  Abougehel  to  do  with  paradise, 
he  is  never  to  enter  there  !'  Shortly  after,  he  understood  the  drift  of  the 
vision,  for  the  son  of  his  enemy  became  a  Mussulman,  upon  which  he  ex- 
claimed '  Abougehel  was  the  twape^  by  which  Gk)d  drew  up  his  son  from 
the  bottom  of  the  pit  of  infideli^.' "  It  is  used  by  the  Japanese ;  and  as  fi- 
gured by  Montanus,  the  bucket  is  raised  by  pulhng  down  the  opposite  end 
of  the  lever  by  means  of  cords  attached  to  iL 

In  Fisher's  **  Constantinople,  and  the  Scenery  of  the  Seven  Churches  cif 
Asia.*'  Lon.  1839,  is  a  beautiful  view  of  the -city  of  Magnesia  near  Mount 
Sipyius,  in  Asia  Minor,  a  ciqr  founded  by  TasUaUii^  whose  fabled  punish- 
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ment  hu  t«nd«i«d  Itu  Bune  ttoiorioiu.     In  thg  faregronBd  it  repmented 
die  fbllowiug  fignre  of  th«  ■w^pe,  a  nwehiue  which  tha  wriur  obwneii. 
"  iorna  ■  coiupicuous  object 
tKeverylatuiteope  ia  theeBiL 
One  ij  aeen  erecisd  in  every 
garden,  and  u  irrieation  is 
eoDsaatly    retjuirea    in    w. 
arid  Miil,  it  IB  alway*  in  mo- 
tion,  and  its  dull  and  drowsy 
weaking  u  the  «ound  iace*- 
,  nntl;  heard  by  all  traTelera." 
.    In  thia  figure  we  beboU 
not  merely  a  aketcb  of  mo- 
dem  Aaialic    manlier*;  but 
^  one,  which  ae  regards  rail- 
J  ing  of  water ;   the  macbimi 
r  by   which    it    i*    effected ; 
'   AnimaJg  around   it;   coatume 
■>•  of  the  individuals ;  and  por- 
^tmturo    of   rural   life, — ha* 
J  remained    uncbajigcd    from 
.^  timea  that  reach  back   to  the 
^  infancy  of  uur  nee,  and  of 
which  history  haa  preserved 

[For  this  interesting'  cut, 

and  for  Xo.  35  also,  I  am  in- 

IfeM.   Swap* ta Ilk mwr.  debted  tomyfriend  WlLLIAH 

Etkbdell,   Esq.   who,   be- 

ndes  other  contributionB  to  this  work,  undertook  the  task,  to  him  a  novel 

one.  of  engraving  them.] 

The  swape  hu  probably  been  in  continual  use  b  Great  Britun,  from 

the  period  of  its  subjuganon  by  the  Romans,  if  not  before;     It  is  then 

known  under  the  various  names  of  '  Smqie,' '  Sioetp,'  and  in  old  authors, 

'  StPtpe.'     A  Ggure  of  it,  as  used  by  the  j 

Anglo-Saxons,  is  here  inserted,    from  ^ 

Vol.    i,   of    the    '  Pictorial  History   of 

England,'  copied  from  an  ancient  ma- 
nuscript in  the  British  Museum.     The 

costume  of  the  female,  her  masculine 

iigure,  the  shingled   well,  and   form   of 

the  vase  or  pitcher,  are  interesting,  as 

indicative  of  manners  and  cnstoms,  &c.   ■ 

of  former  afes.     The  arm  of  die  lever  to 

which  the  bucket  is  anspended,  appears 

extremely  short,  but  thia  is  to  be  attri-  ' 

buted  to   it*  defective   representation.^ 

The  following  summary  of  ancient  Brit-^ 

ish  devices  is  from  Fosbroke's  Encycio-  - 

pedia  of  Antiquities.       "  The  An^o- 

Saxon*  had  a  wheel  for  drawing  water 

from  wells.     They  were  common  annexations  to  houses.     Rings  were 
'  fixed  to  the  chains  of  wells.     We   find  »  beam  on  a  pivot,   with  a 

weight  at  one  end  for  raising  water.     Wheels  and  coverings.     A  lever, 
'die  fblcram  of  which  was  a  kind  of  ^ows  over  the  welL     Two 
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bockeM  one  U  «»A  «nil  of  ».  chain  adapted  to  «  Tenatile  engiae  osUed 
Tolgolua.  Buckett  with  iron  hoop*,  and  di«wiiig  water  from  deep  walk 
aa  a  punishment."  The  awape  appears  to  hare  been  the  principal  ma- 
chine in  England  for  raising  water  till  auite  recent  times.  In  the  17tk 
century  it  was  used  m  mamtfadoriet,  and  is  not  yet,  perhaps,  wholly  su- 
perseded by  the  pump.  Bishop  Wilkins,  in  speaking  of  the  lever  and  its 
application  by  Archimedes  in  destroying  the  Roman  fleet,  says,  "  it  was  of 
the  same  form  with  that  which  is  eontmonly  *ued  by  brewer*  and  dyen  for 
the  drawing  of  water.  It  consists  of  two  posts,  die  one  fastened  perpen- 
dicularly in  the  ground,  the  other  being  jointed  on  cross  to  the  top  of  it." 
Mathemat.  Magic.  B.  i.  Chaps.  4  and  12.  This  was  published  in  1638.  In 
1736,  Mr.  Ainsworth  published  his  celebrated  Latin  Dictionary,  and  on* 
der  the  word  RaeAdtMU,  '  a  truckle  or  pulley  uaed  in  drawing  up  water  j' 
he  adds,  "  perhaps  not  unlike  the  sweep  mtr  bnteert  n»c :"  hence  at  that 
time,  it  continued  to  be  used  for  rusing  water  and  tranafernng  liquids  in 
English  breweries  and  similar  establishments,  as  remarked  by  Wilkins  one 
hundred  years  before. 

In  Germany  it  wss  frequently, 
and  still  ia,  a  prominent  objec:t  in 
coaatry  towns  and  villages,  as  well 
as  in  farm  yards.  In  the  former  it 
was  frequently  erected  on,  or  at  the 
end  of  bridges  for  the  purpose  of 
raising  water  from  rivers  and  brooks. 
In  the  &monB  Nuremhurgh  Chronicle 
it  ia  frequently  figured.  Prom  a  va- 
riety of  different  forms,  we  have 
selected  No.  40,  aa  a  specinten. 

„    „    __       _       .   „       , .  In  the   Coamogiaphy  of  Sebastian 

■^'^tiSC*   r^    liS.™^      Munster,    1550,   it  is  represented   at 
page   729,  as  employed  for   raising 
vater  to  supply,  by  means  of  pipes,  a  neighboring  town.     Agricola,  ia 
lua  Da  Re  Metallica,  has  also  figured  it.    pp.  443  and  458. 


No.  41.    asip*  ftva  a  MbMm^  CMHtnpkr. 


The  Sw^M  was  very  eommon  in  France  and  the  neighboring  nation* 
on  the  Eiirop<>an  continent,  in  the  last  and  preceding  centuries.  It  it 
named  htuetde  in  France.     The  old  Dietiommire  de  Trrrvtix,  says  ; 

Les  bascules  les  plus  simple,  sont  celles  qui  ne  consislimt  qu'en  ana 
pidce  de  bois  soutenue  d'une  autre  par  le  milieu  ou  autrement,  comma 
a'ln  Msimi.  pour  £!•«  plus  au   moins  en  ^uilibre.     Lorsqu'on  pese  sur 
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on  du  bonti  I'MJtre  b&ime.  Cei  lorwt  de  buctile«  sont  lei  plus  com* 
Branes;  on  t'ea  Hit  pour  ilerer  des  eaox.  The  last  Mntence  u  believed 
to  be  applicable  to*every  pan  of  Europe  at  the  present  time,  pei^pt 
oqoaUy  M  at  at  vty  fermer  period. 

We  tubjoin  a  description  of  one 
proposed  by  James  Beuon,  a  Freocli 
meehaaiciai),  270  years  ago,  by 
wfaich  two  buckets,  one  at  each  end, 

(may  be  used.  As  the  Tibratiun  of 
the  beam  is  ingeniously  effected  by 
a  eontiDuous  rotary  movement,  a 
figure  of  it  will  be  acceptable  to  the 
intelligont  tQRchaiiic. 

The  lever  is*  suspended  at  the 
centre  of  its  length,  on  a  pin  which 
passes  through  the  lower  part  of  the 
perpendicular  post,  the  upper  end 
of  which  is  firmly  secured  to  the 
frame  and  cross  piece.  A  perpen* 
dicular  shaft  is  placed  immediately 
under  the  lower  end  of  the  post  aiid 
in  the  same  vertical  hne  with  it.  The 
upper  journal  of  the  shaft  enters  and 
Ka.a.  Sw^nbonBwoL  issB.  tums  in  the  end  of  the  post,  while 

:'\  its  lower  one  is  received  into  a  cavity 

in  the  block  upon  whicA'h^T'esta.  This  shaft  forms  the  axis  of  an  inverted 
utne  of  frame-work — a'sqeuon  of  which,  resembling  an  hyperbolic  curve, 
acta  as  it  revolves  on  th^  under  side  of  the  swape,  and  imparts  to  it  the 
required  movement.  76' lessen  the  frtctioa,  two  long  rollers  are  fixed  to 
its  under  side,  and  upon  these  only  does  the  curved  edge  of  the  cone  act. 
The  shaft  may  of  course  be  turned  by  any  motive  power.  In  the  figure, 
a-horizontal  water  wheel  is  attached  to  the  shaft,  with  oblique  paddles 
v^hich  receive  the  impulse  of  the  stream  in  which  they  are  placed.  This 
device  may  serve  as  an  example  of  mechanical  tact  and  resource  in  the 
early  part  of  the  16th  century,  when  practical  mechanics  began  to  be  cul- 
tivated as  a  science. 

The  swape  is  commonly  used  by  the  farmers  on  this  continent,  ra  the 
vicinity  of  whcso  dwcHiu^d  it  may  be  seen,  more  or  less,  from  die  St. 
Lawfence  to  the  Miscissipjii.  In  some  of  the  states,  it  still  bears  the  old 
English  name  '•!'  the  'sweep'  as  in  Virginia — in  others  it  is  named  tho 
'balance  pole.'  It  preiatli  in  Mexico,  Central  America,  Peru,  Chili,  and 
generally  throughout  the  southern  continent.  There  is  some  uncertainty 
respecting  its  having  been  known  here  before  the  arrival  of  Europeans  in 
the  16th  century.  See  remarks  on  Ancient  American  Machines  in  the 
last  chapter  of  this  book. 

The  swape  appears  to  have  been  uaed  in  all  times,  for  watering  j'<tn2nw 
in  the  east,  aa  already  observed  of  Asia  Minor,  it  is  there  seen  erected  in 
almost  every  one.  No,  43  represents  It  employed  in  the  gardens  of 
Egypt  during  the  sojourn  of  the  Israelites  in  that  country.  The  tree  and 
plant  are  uniform  hierogtyphical  representations  of  gardens. 

The  labourer  discharges  the  contents  of  his  bucket  into  a  wood- 
en trough  'or  gutter,  by  which  the  water  is  conveyed  to  the  plants ; 
kmode  still. followed  through  all  the  east.  To  this  application  of  the 
fwape  there  is  probably  a  reference  in  the  prediction  of  Balaam,  dehver- 
«d  one  hundreu  years  api-r  these  figures  were  sculptured, '  he  shall 
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water  out  of  hu  l>uclieu,  uid  hU  wed  akaU  be  in  many  waters,  (NumS. 
xxiv,  7,)  an  intimation  tLat  the  Israelitec  should  possess  a  country,  whera 
this  great  desiderstuni  should  be  in  compar&tire  abundance,  a  land  "  wa- 
tered OS  a  garden  of  herbs."  The  fi^re  may  serve  also  "to  illustrate  the 
'  gutters  and  watering  troughs*  in  which  Jacob  watered  the  flocks  of  Lti- 
ban,  his  father  in  law.     Gen.  xxx,  38. 
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Tlielaxuriance  of  vegetation  in  an  eastern  garden,  (when  properlv  water- 
fld,)  the  richnesaof  itk  scenery,  the  beauty  of  its  foliage  and  fiowers.  form 
one  of  the  most  enchanting  prospects  in  nature  ;  hence  it  became  the  most 
favorite,  as  it  was  the  most  natural,  metaphor  of  human  felicity,  ^^'hen 
the  prophets  promised  proiperijy,  it  was  in  such  language  as  the  following : 
*  Thou  shalt  be  like  a  watered  garden,  and  like  a  spring  of  water  whose 
waters  fail  not,"  and  "  their  soul  shall  be  as  a  watered  garden."  On  the 
contrary,  when  the  wicked  were  denounced,  "yei  shall  be  as  an  oak 
whose  leaf  fadeth,  and  as  a  garden  that  hath  no  water."  The  same  me- 
taphor is  a  frequent  one  in  ancient  poets,  and  in  most  instances  the  use  of 
th«  swape  is  implied.     Thus  Hcmier  i  . 

As  when  anlanlnil  Boreu  iweep*  Iba  akj. 

And  iBMtnl  blowi  iba  —laraf  gmntemt  diy. 

AndOid: 

As  in  a  MBtmd  fnrrfat'i  blooming  walV     Mtt.  t,  ST7. 

pnrpose,  and  to  il  Juvenal 


This  use  of  the  swape  is  not  now  confined  to  the  gardens  of  fallen  Asia, 
E^pt  and  Gh«ece,  but  it  is  employed  by  the  most  enlightened  nations ; 
and  m  London  and  in  Farts,  as  m  Athens  and  Alexandria,  Memphis  and 
Thebes,  this  primitive  implement  has  not  been  superseded.  In  Breton's 
China,  Lon.  1634,  the  Chinese  swape  is  described  ;  and  the  author  ob- 
serves, "  it  is  similBT  to  those  which  are  seen  in  the  Tnarlet  gardau  round  . 
Jjondon ;"  and  in  a  more  recent  work,  '  Scripture  illustrated  from  Egypt- 
ian Antiqnities,'  the  author  speaking  of  the  Egyptian  swape,  says,  it  is  ma 
•ame  as  used  in  the  garden*  of  Bmtfford. 

Of  the  swape,  it  may  be  remarked,  that  the  most  ancient  portraiture 
extant,  of  any  hydraulic  Tnachtnt,  is  a  sculptured  representation  of  rp,  be- 
tween three  and  four  thousand  va^nold,  and  even  at   that  remote  period 
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h  wms  in  aU  probability  a  retry  old  aflfairy  and  in  common  nse.«  These 
sculptures  moreover  prove,  that  it  has  remained  in  Egypt  unaltered  in  its 
fbrm^  dimensions,  mode  and  material  of  its  construction  uid  methods  of  us* 
ing  it,  during  at  letut  thir^*four  centuries !  and  this,  notvtrithstanding  the. 
pcmtical  convulsions  to  which  that  country  has  ever  been  subject,  since  its 
conquest  by  Cambyses ;  its  inhabitants  having  been  successively  undcn 
the  Persian,  Ghvcian,  Roman,  Saracenic,  and  Turkish  yoke,  thus  literally 
fulfilling  a  prophecy  of  Esekiel,  that,  "  there  shall  be.  no  longer  a  prince 
of  the  land  of  Egypt,"-— a  descendant  of  its  ancient  kings ;  yet  through 
ail  these  migh^  revolutions  that  have  swept  over  it  like  the  fatal  Simoon, 
and  destFoyed  every  vital  principle  of  its  ancient  grandeur,  this  simple- 
machine  has  past  through  them  all  unchanged,  and  is  still  applied  by  the. 
inh^itants  to  the  same  purposes,  and  in  precisely  the  same  way,  for  which, 
it  was  used  by  dieir  more  enlightened  progenitors. 

We  have  seen  it  used  by  the  Greeks  and  Romans^  and  we  find  it  still 
In  the  possession  of  their  descendants,  wherever  they  dwell,  as  weU  as 
among  those  of  more  ancient  people,  the  Huidoos,  Arabs,  and  Chinese. 
And  although  we  may  be  unable  to  keep  it  constantly  in  view  in  Europe,, 
in  those  ages  which  mimediately  followed  the  fall  of  the  Roman  power, 
when  the  ferooious  tyranny  of  the  Saracens  established  a  despotism  over 
the  mind  as  wlill  r  as  /the-  body  ;.and  by  the  characteristic  zeal  of  Oiiar». 
entailed  ignorance* on*  the  iuture,  by  consuming  the  very  sources  of  know- 
ledge under  the  baths  &[  -Alexandria ;  yet,  when  in  the  15th  century,  the. 
human  intellect  began  to  shake  off  the  lethargy,  which  during  the  long, 
night  of  the  dark  ages  had  paralysed  its  energies,  and  prinHng  was  intro^ 
duccd  '-that  mighty  art  which  is  ordained  to  sway  the  destinies  of  our 
race  forever— -amon^  the  earliest  of  printed  books,  with  illustrations,  this" 
mteresting  implement  may  be  foimd  portrayed  in  vigneUetf  in  viewf  of 
cttiev,  and  ofruralUfe;  tangible  proofs  of  its  universal  use  throughout 
Europe  at  that  time,  as  well  as  during  tlie  preceding  ages. 


Ha  vine  referred  in  this  and  in  a  preceding  chapter,  to  the  '  Mathematical 
Magic'  of  Wilkins,  we  subjoin  some  remarks  on  the  mechanical  specula* 
tions  of  that  and  other  old  church  dignitaries.  [These  remarks  were  at 
first  designed  for  a  note,  but  have  been  too  far  extended  to  be  inserted  as 
0DB,]  The  former  was  certainly  one  of  the  most  ingenious  and  imaginative  of 
mechanics  that  ever  was  made  a  bishop  of,  and  not  a  few  have  worn  the 
nitre.  'The  Right  Reverend  Father  in  Grod,  John,  Lord  Bishop  of 
Chester,'  (like  friars  Bacon  and  Bungey,  the  Jesuit  Kircher,  the  Abbe 
MicaJ,  and.  a  host  of  others,)  excelled  equally  in  mechanical  and  theologi- 
cal science ;  and  at  one  period  of  his  researches  in  the  former,  seemed 
almost  in  danger,  or  rendering  the  latter  superfluous:  viz.  by  developii.-g 
a  plan  of  conveying  men  to  other  worlds  by  machinery !  See  his  Tract  on 
on  the  '  Discovery  of  a  New  World  in  the  Moon,  ana  the  possibility  of 
a  passage  thither.'  Lon.  163S.  After  removing  with  a  facility  truly  de- 
lightful, those  objections  to  such  a  'passage'  as  arise  from  the  'extreme 
coldness  and  thinness  of  the  etherial  air,'  '  the  natural  heaviness  of  a  man's 
body,'  and  'the  vast  distance  of  that  place  from  us,'  and  the  consequent 
necessity  of  rest  and  provisions  during  so  long  a  journey,  there  being,  as 
he  observes,  '  no  inns  to  entertain  passengers,  nor  any  castles  in  the  air  ta 
reoeive  poor  pilffrims'^^he  proposes  three  modes  of  accomplishing  the 
object.  1.  By  the  application  of  unngs  to  the  body ;  '  as  angels  are  pic- 
tnrsd,  as  Mercury  ana  Daedalus  are  feigned,  and  as  has  been  attempted 
by  divers,  particularly  by  a  Turk  in  Constantinople,  as  Bus1>equius  re«, 
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httes.  2.  Bv  means  of  hirdi^  for  as  he  qmindy  says,  "If  diere  be  such 
A  great  ntck  in  Madagascar,  as  Marcus  Po4us  the  Venetian  mentions,  the 
feathers  in  whose  wings  are  twelve  feet  long,  which  can  scoop  np  a  horse 
and  his  rider,  or  an  elephant,  as  our  kites  do  a  mouse ;  why  then,  'tis 
but  teaching  one  of  these  to  carry  a  man,  and  he  may  ride  up  thither,  as 
Ganymede  did,  upon  an  eagle."  3.  Or,  **  if  neither  of  these  ways  will 
serve,  yet  I  do  urioudy^  and  upon  good  ground^  a£Srm  it  possible  to  make 
A  fiy^^  chariotf  in  which  a  man  may  sit,  and  give  such  a  motion  unto  it  as 
shall  convey  him  through  the  air ;  and  this  perhaps  miffht  be  made  large 
enough  to  carry  diverse  men  at  the  same  time,  togemer  with  food  mr 
their  v*4Uicum,  and  commodUies  for  trajficy  The  construction  of  such  a 
chariot,  he  says,  was  '  no  difficult  matter,  if  a  man  had  leisure  to  show 
more  particularly  the  means  of  composing  it'  It  is  to  be  regretted  that 
he  did  not  pretermit  some  of  his  lalx>rs  for  that  purpose,  especially  as  his 
project  was  not  merely  to  skim  along  the  surface  of  this  planet,  like  mo- 
dem aeronauts,  or  ancient  navigators  creeping  along  shores— but  like  ano- 
ther Columbus,  to  launch  out  into  the  unknown  regions  of  space,  in  search 
of  other  worlds. 

Had  Wilkins  been  a  countryman  as  well  as  a  contemporary  of  Gralileo, 
his  aerial  flights  would  have  been  confined  to  a  dungeon,  and  the  wings 
of  his  genius  would  have  been  effectually  clipped  with  Roman  shears. 
Indeed  we  must  admit  that  he  was  the  greater  sinner  of  the  two !  for 
Galileo  merely  taught  the  absurd  doctrine  of  the  sun's  stability,  amd  that 
die  earth  moved  round  it,  in  oppoaidon  to  the  evidence  of  his  senses,  to 
the  doctrines  of  the  church,  and  in  flat  contradiction  of  those  passages  in 
die  Bible,  which  Bellarmine  adduced  as  proofs  indubitable,  that  the  sun 
'rises  «p'  in  the  east  every  mominir,  and  'goes  daimC  in  the  west  eVery 
night,  and  that  the  earth  is  established  and  'cannot  be  moved.'  Whereas 
die  heredcal  bishop,  endeavored  to  open  a  way  by  which  men  could 
visit  other  worlds  when  they  pleased,  and  that  too,  without  consulting,  or 
fo  much  as  saying  'by  your  leave,'  to  the  successors  of  St  Peter! 

The  earliest  English  aeronaut  was  Elmer,  a  monk  of  the  llth  century. 
He  adapted  wings  to  his  hands  and  feet,  and  took  his  flight  from  a  lofnr 
tower.  He  sustained  himself  in  the  air  for  the  space  of  a  furlong,  but  his 
career,  (like  that  of  Dante  in  the  fif^nth  century)  .terminated  unfortu- 
nately, for  by  some  derangement  of  his  machinery  he  fell,  and  both  his 
legs  M'^ere  broken.  Dante,  after  several  successful  experiments,  fell  on  the 
roof  of  a  church  and  broke  his  thigh. 

It  is  a  singular  fact  in  the  history  of  the  arts,  that  mechanical  skill  was 
in  former  dmes  intimately  connected  with  iketHogical  pursuits,  and  that 
some  of  the  cleverest  workmen  were  ecclesiasdcs,  and  of  the  highest 
ffrades  too ;  witness  Gerbert,  Dunstan,  Albertus,  and  many  others.  The 
first  was  a  French  mechanician  of  the  10th  century,  whose  researches 
led  him  at  diat  early  period,  to  experiment  on  steam,  and  on  its  applicadon 
to  produce  music.  He  was  successively  archbishop  of  Rheims  and  Ra- 
venna, ana  in  999  took  his  seat  in  St  Peter's  chair,  and  was  announced 
to  the  world  as  Pope  Sylvester  II.  It  may  now  appear  strange  that 
monks  and  friars,  abbots,  bishops,  archbishops  and  popes,  should  have  been 
among  the  chief  cultivators  of,  and  most  expert  manipulators  in  the  arts, 
and  that  to  them  we  are  greatly  indebted  for  their  preservadon  through 
the  dark  ages ;  but,  in  those  dmes,  it  was  so  far  from  being  considered 
derogatory  in  ecclesiasdcs  to  work  at '  a  trade,'  that  those  who  did  not,  were 
accounted  unworthy  members  of  the  church ;  hence  monks  were  cooks, 
earpenters,  bakers,  farmers,  turners,  founders,  smiths,  painters,  carvers, 
eopyists,  &c. ;  all  had  some  occupation,  besides  the  study  of  their  peculiar 
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duties.  **  In  that  famous  colledg,  oar  monasterie  of  Bangor ,  in  wlucb  there 
were  2100  christian  philosophers,  that  served  for  the  profit  of  the  people 
in  Christ,  living  by  the  labor  of  their  hands,  according  to  St.  Paul's  doo- 
tiine."*  This  was  in  the  5th  century,  when  Pdagius  belonged  to  the 
same  monastery.  In  the  7th,  "  almost  all  monks  were  addicted  to  manual 
arts,"  and  according  to  St.  Benedict,  such  only  as  lived  by  dietr  own  lar 
bor,  "were  truly  monks."^  **They  made  and  mM  their  warei  to  ttrangers^ 
(c»r  the  use  [benefit]  of  their  monasterie,  yet  somewhat  cheaper  than  odiers 
sold."*  Many  of  these  men  naturally  became  expert  workmen,  especially 
in  the  metals---a  branch  of  the  arts  that  seems  to  have  been  a  favorite  one 
with  them ;  hence,  the  best  gold  and  silver  smiths  of  the  times  were  often 
found  in  cloisters ;  and  the  rich  'boles,  cups,  chalices,  basens,  lavatories 
of  silver  and  gold,  and  other  precious  furniture'  of  the  churches,  were 
made  by  the  priests  themselves : — ^It  may  be  a  question,  whether  they 
were  not  right  in  thus  combining  mental  and  physical  employments;  as 
a  compound  being,  manual  labor  seems  necessary  to  the  full  development 
of  man's  intellect,  and  to  its  healthy  and  vigorous  exercise.  Dunstan, 
Archbishop  of  Canterbury  in  the  10th  century,  was  skilled  in  metallurgical 
operations— -he  was  a  working  jeweler,  and  a  brass  founder.  Two  large 
bells  for  the  church  at  Abingdon  were  cast  by  him.  He  is  said  to  have 
been  the  inventor  of  the  Eoiian  harp,  an  instrument  whose  spontaneous 
music  induced  the  people  at  that  dark  age,  to  consider  him  a  conjure;*- 
hence  the  old  1ine»— 

M.  DuDfltan*!  harp,  fast  by  the  wall, 
Upon  a  pin  did  hang — a ; 
Tne  harp  itself,  with  ty  and  all, 
Ufukmcktd  k§  kamd  did  twang—- a. 

The  genius  of  some  led  them  to  cultivate  architecture.  Cathedrals  and 
other  buildings  yet  extant,  attest  their  skill.  Of  celebrated  architects  in 
the  11th  century,  w«-re  MoMriiius,  bishop  of  London,  and  Gundulpkm, 
bishop  of  Rochester.  The  latter  visited  the  Holy  Land  previous  to  the 
crusades,  and  is  said  to  have  been  one  of  the  greatest  builders,  and  the 
most  eminent  castle  architect,  of  his  age.  In  the  Towers  of  London  and 
Rochester,  he  left  specimens  of  his  art  At  pa^e  62,  we  referred  to  the 
remains  of  a  casde  built  by  him,  and  to  his  mode  of  protecting  the  well, 
and  raising  the  water  to  the  different  floors.  In  the  12th  century,  these 
reverend  artists  were  numerous.  In  England,  were  Roger,  bishop  of 
Salisbury,  and  Emulf,  his  successor — Alexander  of  Lincoln— Henry  De 
Blois  of  Winchester,  and  Roger,  of  York ;  all  of  whom  left  remarkable 
proofs  of  their  proficiency  as  builders.  In  France,  '  in  sundry  times  the 
ecclesiastics  performed  carving,  hneUing,  painting,  and  mosaic*  Leo, 
bishop  of  Tours  in  the  Cth  century,  'was  a  great  artist,  especially  in  car 
pentry*  St.  Eloy  was  at  first  a  sadler,  then  a  goldsmith,  and  at  last 
bishop  of  Noyan  ;  he  built  a  monastery  near  Limoges,  but  he  was  most 
noted  for  shrvnes  of  gold,  silver,  and  precious  stones.  He  died  in  668. 
The  church  of  Notre  Dame  des  Unes,  in  Flanders,  was  begun  by  Pierre, 
the  7th  abbot,  and  completed  in  1262,  by  Theodoric.  '  The  whole  church 
was  built  by  the  monks  themselves,  assisted  by  the  lay  brothers  and  their 
servants.'' 

Luther  was  accustomed  to  turning,  and  kept  a  lathe  in  his  house,  'in 
order  to  gain  his  livelihood  by  his  hands,  if  the  word  of  God  failed  to 
support  him.' 


•  Monastichon  Brtunnicum.  I^n.  1655.  p.  40.  ^  lb.  968.  •  lb.  301 
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Those  in  whom  the  *  organ  of  constructiveness/  or  Invendon  was  prooi- 
inent,  produced  among  other  curious  machinery,  tpeaking  heads,  images  of 
sainU^  ifc.  These,  it  is  believed,  were  imitations  of  similar  contrivances 
in  heathen  temples.  The  statue  of  Serapis  moved  its  eyes  and  lips.  The 
bird  of  Memnon  flapped  his  wings,  and  uttered  sounds.*  It  is  to  be  re- 
gretted that  no  detailed  descriptions  of  these,  and  of  such,  as  were  used 
in  £uropean  churches  previous  to  the  reformation,  have  been  preserved 
An  account  of  the  .ingenious  frauds  of  antiquity  would  be  as  valuable  to  a 
mechanician  as  it  would  be  interesting  to  a  philosopher.  It  would  in  all 
probability  develope  mechanical  combinations  both  novel  and  useful ;  and 
would  include  all  the  mechanism  of  modem  androides ;  and  most  of  the 
deceptions  to  be  derived  from  natural  magic. 

A  famous  image  known  as  the  Roode  of  Gract^  is  often  mentioned  by 
SSnglish  historians,  A  few  scattered  notices  of  it  are  worth  inserting. 
Speed  in  his  history  of  Great  Britain,  (page  790,)  says  '*  it  was  by  divers 
vices  [devices]  made  to  how  (Umm,  and  to  lifi  up  itselfe,  to  shake ^  and  to 
stir  bUk  head,  hands,  and  feet,  to  rtnoU  Us  eyes,  moove  the  lips,  and  to  bend 
the  brows,**  It  was  destroyed  in  Henry  VIII's  reign,  being  *'  broken  and 
pulled  in  pieces,  so  likewise  the  images  of  our  Lady  of  Walsingham 
and  Ipswich,  set  and  besprinkled  with  jewels,  and  gemmes,  with  divers 
others  both  of  £ngland  and  Wales,  were  brought  te  London,  and  burnt 
at  Chelsea,  before  the  Lord  Crumwell.*'  In  the  life  of  the  last  named  in* 
dividual  some  further  particulars  of  it  are  given,  and  which  explain  the 
mode  of  operation.  "  Within  the  Roode  of  Grace,  a  man  stood  inclosed 
with  an  hundred  wyers,  wherewith  he  made  the  image  rcU  his  eyes,  nod  his 
head,  hang  tJie  lip,  move  aoid  shake  his  jaws  ;  according  as  the  value  of 
the  gift  offered,  pleased  or  displeased  the  priest ;  if  it  were  a  small  piece 
of  silver,  he  would  hang  the  lip,  if  it  were  a  good  piece  of  gold,  his  che^ 
would  go  merrily,**  &c.  Cromwell  discovering  the  cheat,  caused  the. 
image  "  with  all  his  engines  to  be  openly  showed  at  Paul's  Cross*  and 
there  to  be  torn  in  pieces  by  the  people."  Clarke's  Lives,  Lon.  167i5. 
It  would  have  been  a  dangerous  practice  to  have  employed  intelligent 
'  lay  crafbmen'  in  making  machines  like  this,  or  to  have  engaged  them  in 
'  pulling  the  wires.'  The  shrine  of  Becket  showed  great  proficiency  in 
some  of  the  arts.  It  "  did  abound  with  more  than  pnncely  riches,  its 
meanest  part  was  pure  gold,  garnished  with  many  precious  stones,  as 
Erasmus  that  saw  it,  hath  written ;  whereof  the  chiefest  was  a  rich 
gemme  of  France,  offered  by  king  liewis,  who  asked  and  obtained  (you 
may  be  sure,  he  buying  it  so  deare)  that  no  passenger  betwixt  Dover  and 
Whitesand  should  perish  by  shipwracke."  The  bones  of  Becket  were 
lud  in  a;  splendid  tomb.  *'  The  timber  work  of  his  shrine  was  covered 
with  plates  of  gold,  damasked  and  embossed  with  wires  of  gold,  garnished 
with  broches,  images,  angels,  precious  stones,  and  great  orient  pearles  ;  all 
these  defaced  filled  two  chests,  and  were  for  price,  of  an  unestimable 
▼alne."  A  catalogue  of  the  miracles  wrought  at  nis  shrine  filled  two  folio 
volumes  !^ 

*  Seo  Ktrcher's  Makurgia  Universalis.  Rome,  1650,  Tom  ii,  p.  413,  for  an  ingenious 
figure  of  sach  an  automaton. 

^  Accounts  kept  b^  Churchwardens  previous  to  the  reformation  often  exhibit  curioaq 
mformation  in  relation  to  the  repairing,  replacing,  and  clothing  of  images,  and  to  the 
sale  of  damaged  or  worn  out  ones,  as  appears  by  the  following  extracts  from  *  A  boaka 
of  the  stufTe  m  the  eheyrche  of  Holbeehe  sowld  by  Chevrchewardyns  of  the  same,  ae» 
cording  to  the  injunc^ons  of  the  Kynges  Magyste,  A.  D.  1447.*  The  Trmiiif  with  tlia 
Tabernacle,  sold  for  two  shilling  and  foarpence.  The  Tabernacle  of  Nichclat  and  James 
for  six  sliillings  and  eight  pence.  **A11  tlie  Apostyls  coats  and  oiker  raggs,"  for  eight  shil- 
lings and  four  pence.  And  in  1547,  **  XX  score  and  X  bund,  of /(rfyn,  at  ii.  s.  and  xi.  d. 
the  seore."  This  item  probably  consisted  of  brazen  ntennib,  images,  dw.  sold  for  their 
vaiao  as  old  mataL    Smkely's  Antiquitiee.    London  1770,  page  31. 
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Other  devices,  leis  complex  than  the  Rcxxleof  Grace,  bat  when  adroitly 
mana^d,  eouallj  effective  and  imposing,  consisted  in  the  application  of  se-  ' 
cret  tubes,  Uirough  which  sound  might  be  conveyed  from  a  person  atadis- 
tsnce.  Soinetimes  the  accomplice  was  concealed  in  the  peaestal,  or  in  the 
statue  itself,  or  in  the  vicinity.  "  The  craftinesse  of  the  inchanters,  (observes 
Peter  Martyr,)  led  them  to  erect  ima^s  against  walles,  and  gave  answfr 
dirough  holes  bored  in  them ;  wherefore  the  people  were  marvellouslie 
amazod  when  they  supposed  the  images  spake.  There  were  dailie  woon* 
ders  wrought  at  the  images  whereby  the  si  Hie  people  were  in  sundriewise 
■educed.'**  It  was  by  a  trick  of  this  kind,  that  thtnttan  confounded  his 
adversaries  in  an  important  discussion^tlie  crucifix  hanging  in  the  church 
opened  its  mouth  and  decided  the  question  in  his  favor.     Numerous  exam- 

?le8  of  more  recent  times  might  be  g^ven.  We  add  one  from  Key^er'a 
*rav.  Vol.  i,  148  :  A  monk  having  made  a  hole  through  a  wall;  behind  an 
image  of  the  Virgin, '  placed  a  concealed  tube  from  it  to  his  cell ;  and  tlirough 
it  caused  the  image  Xo  utter  whatever  he  wished  the  people  to  believe.'  By 
snch  tubes  figures  of  the  Virgin  have  repeatedly  declared  her  wish^, 
saluted  her  worshippers,  and  returned  their  compliments.  It  was  by  the 
same  device  that  several  statues  of  heathen  deities  performed  prodigies ; 
that  of  Jupiter  for  example,  which  burst  forth  into  loud  fits  ot  laughter. 
Misson's  Trav.  Vol.  ii,  412. 

Within  ancient  temples,  says  Fosbroke,  was  a  dark  interior,  answering 
lo  the  choir  of  modem  cathedrals,  the  Pendrale,  into  which  the  people 
were  not  permitted  to  enter.  When  the  time  of  sacrifice  arrived,  the 
priest  opened  the  dpprs  that  the  people  might  see  the  altar  and  victim ; 
lor  only  the  priests  and  privileged  persons  entered  into  the  ceUa,  i.  e.  into 
interior.  Some  temples  admitted  light  only  at  the  door,  for  darkness  was 
deemed  a  most  powerful  aid  to  superstition.  *'  The  penetrale  of  the  tem- 
ple of  Isis,  at  Pompeii  is  a  small  pavilion,  raised  upon  steps,  under  which 
IS  a  vault,  that  may  have  served  for  oracular  impositions.  A  shrine  of 
diis  kind  is  still  open  for  inspecUon  at  Argos.  In  its  original  state  it  had 
been  a  temple ;  the  further  part  where  the  altar  was,  beinir  an  excavation 
of  the  rock,  and  the  front  and  roof  constructed  of  baked  tiles.  The  altar 
yet  remains  and  part  of  the  fictile  superstructure,  but  the  most  remarka-  • 
ble  thing  is  a  secret  subterraneous  passage  terminating  behind  the  dUofr 
its  entrance  being  at  a  considerable  aUtance,  towards  the  right  of  a  person 
fiusing  the  altar,  and  so  cunningly  contrived  as  to  have  a  small  aperture^ 
easily  concealed,  and  level  witn  the  surface  of  the  rock.  This  was  barely 
large  enough  to  admit  the  entrance  of  a  single  person,  who  could  creep 
along  to  the  back  of  the  altar,  where  being  hid  oy  some  colossal  statue,  or 
other  screen,  the  sound  of  his  voice  would  produce  a  most  impo- 
sing effect  among  the  listeninflc  votaries."  Antiq.  33.  It  is  a  curious 
fact  that  conjurers  and  chieu  among  American  Indians,  were  found 
to  practice  similar  cheats.  In  St.  Domingo,  some  Spaniards  having 
abrupdy  ente«^  the  cabin  of  a  cacique,  they  were  astonished  to  hear  an 
idol  apparently  speakin?  (in  the  Indian  tongue)  with  great  volubility. 
Snspeeting  the  nature  of  the  imposture,  they  broke  the  image,  and  dis- 
covered  a  concealed  tube»  which  proceeded  from  it  to  a  distant  comert 
where  an  Indian  was  hid  under  some  leaves.  It  was  this  man,  speaking 
through  the  tube,  that  made  the  idol  utter,  whatever  he  wished  the  hear- 
ers to  believe.  The  Cacique  prayed  the  Spaniards  to  keep  the  trick 
secret,  as  it  was  by  it,  that  he  secured  tribute  and  kept  his  people  in  sub* 
jection.^ 

*  Common  PlacM,  Part  ii,  Chap.  v.    Lon.  1583. 

^  Histoira  Gin^ralo.    €«  Uaye.  1763.    Tom.  18,  p.  S8d. 
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Another  device  adopted  by  eccleBiastics,  for  lubduing  the  turbulent 
passions  of  their  ignorant  people,  and  exciting  in  them  feelings  of  respect 
for  the  church,  was  by  making  images  of  the  Vimn  and  of  Christ,  to 
fon^,  and  sometimes  to  stteat  blood,  &c.  These  effects  being,  of  course, 
represented  as  the  result  of  their  impenitence.  '  The  fathers  of  Monte 
Vycino  made  the  wooden  crucifix  sweat  that  was  fastened  to  the  wall 
of  their  church  ;  through  which  they  had  a  passage  for  the  water  to  run 
into  the  body  of  the  crucifix,  wherein  they  hcid  drilled  several  pores,  so 
that  it  passed  through  in  little  drops.'  De  La  Mortraye's  Trav.  Vol.  i,  23. 
This  was  a  staple  trick  of  heathen  priests ;  hence  Statins,  in  his  Thcl»aid, 
B.  iX|  V.  906,  represents  the  statue  of  Diana  weeping. 

For  teus  descended  firom  the  tcolptured  itone. 

And  Lacaa, 

The  ftoe  of  grief  each  marble  atatne  weara, 

And  Parian  goda  and  heroea  atand  in  tears. 

• 

In  the  temple  of  the  great  Syrian  goddess  at  Hierapolis,  were  idols 
that  could  '  move,  stoeeU  and  deliver  oracles  as  if  alive.'*  Among  an- 
cient ckenUcal  deceptions,  the  liquefaction  of  St.  Januarius'  btood,  is  still 
performed ;  and  once  a  year,  all  Naples  is  in  suspense  till  the  miracle  is 
accomplished.  We  shall  have  occasion  to  notice  other  ingenious  ancient 
devices  for  the  same  purposes  of  delusion,  in  tiie  fourth  Bockk,  when  speak- 
ing on  the  application  of  steam  to  raise  water. 

Although  the  monks  present  lamentable  examples  of  misdirected  talents 
and  misapplied  time,  their  labors  tended  to  the  general  progress  of  re- 
finement and  learning.  We  may  regret  that  unworthy  spirits  among  them 
abused  the  superstitions  of  the  times  to  their  own  advantage— imitating 
the  statesmen  and  priests  of  antiquity,  in  making  the  oracles  declare  what 
they  wished ;  still,  they  were  the  only  lights  of  the  dark  ages,  and  even 
their  introduction  of  images  of  saints,  &c.  in  place  of  the  pagan  idols, 
contributed  in  the  end  to  the  overthrow  pf  idolatry,  and  was  perhaps  the 
only  condition  on  which  the  barbarous  people,  could  be  induced  to  give 
up  their  ancient  deities.  '  It  can  hardlie  be  credited,'  says  Peter  Martyr, 
'  with  how  greate  labor  and  difficultie,  man  could  be  brought  from  the  wor- 
shipping of  images.' 

Another  class  devoted  themselves  to  writing  and  copying,  that  is,  to  the 
art  of  multiplying  books ;  and  their  industry  and  skill  nave  never  been, 
and  in  all  human  probability,  never  will  be  surpassed.  The  beauty,  uni- 
formity and  effect  of  their  pages,  are  equal  to  those  of  any  printed  volume. 
The  richness  of  the  illuminated  letters,  the  fertility  of  imagination  dis- 
played in  their  endlessly  variegated  forms,  the  brightness  of  the  colors 
and  gilding,  and  the  minuteness  of  finish,  can  only  be  appreciated  by 
those  who  have  had  opportunities  of  examining  them.  We  have  seen 
some  in  which  the  illustrations  e(]ualled  the  finest  paintings  in  miniature.^ 
In  a  literary  and  useful  point  of  view,  the  labors  of  these  men  are  above 
all  praise.  They  were  the  channels  through  which  many  valuable  worka 
of  the  ancients  have  been  preserved  and  transmitted  to  us.  And  ae  re- 
gards the  arts,  both  ornamental  and  useful,  the  monks  were  at  one  time 
almost  their  only  cultivators. 


•  Univer.  Hiat,  i,  373.  ^  In  the  Libraiy  of  John  Allan,  Esq.  of  this  eitf. 
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CHAPTER    XIV 

Wheels  for  nUiig  wster— Haehlnee  deeeribed  by  YitniTliu->T7aipai»iai— Be  La  Faye*!  lai- 
pn>Teineiitr--8coop  Wheel— Chlneee  Mills— Roman  do.— Egyptiaa  do.-Noria  with  Pots— Sap- 
posed  origin  of  Toothed  Wheels— Sabstitute  for  wheels  and  pinion*— Persian  Wheel :  Commoo  ia 
Syria— Large  ones  at  Hamath— Yarioas  modes  of  propelling  the  Norla  by  men  and  animals— 
Xarty  emplo/ment  of  the  Utier  to  nilse  wiiter.  Antiquity  of  the  Norla-  Supposed  to  be  Iha 
*  Wheel  of  Fortune*— An  upproprlnte  emblem  of  abnodance  In  Egypt— Sphinx -Lions'  Heads— 
Yoses^Comacopla— Ancient  emblems  of  Irrigatiofr— Medea :  Inrentress  of  Yapor  Baths— Cto> 
slbins— Matallle  and  glass  mirrors— Barbers. 

Haying  examined  such  devices  for  raising  water,  as  from  their  sim* 
plicity  have  been  generally  unnoticed  in  treatises  on  hydraulic  machines, 
we  proceed  to  others  more  complex ;  and  fir!»t,  to  such  as  i evolve  round 
the  centres  from  which  they  are  suspended,  and  which  have  a  continuous 
instead  of  an  alternating  moUon.  Although  differing  in  these  respects  and 
In  their  form  from  the  jantu  or  vibrating  gutter  and  the  swHpe,  they  will 
be  found  essentially  the  same ;  their  change  of  figure  being  more  apparent 
than  real,  and  merely  consequent  on  the  new  movement  imparted  to  them. 
As  these  machines  are  obviously  of  later  date  than  the  preceding,  it  may 
perhaps  be  supposed  that  the  period  of  their  introduction  might  be  as- 
certained ;  but  so  it  is,  that  with  scarcely  an  exception,  the  time  when, 
place  where,  and  the  persons  by  whom,  they  were  invented,  are  abso- 
lutely unknown. 

Although  allusions  to  machines  for  raising  water  are  found  in  several 
of  their  authors,  it  does  not  appear  that  any  general  account  or  compre* 
hensive  treatise  of  them  was  ever  written  by  the  ancients.  If  such  a  work 
was  executed,  it  has  perished  in  the  general  wreck  of  ancient  records. 
About  the  beginning  of  the  Christian  era,  a  Roman  architect  and  engineer 
published  a  treatise  on  those  professions,  in  which  he  inserted  a  brief  de- 
scription of  some  hydraulic  engines.  This  is  the  only  ancient  work  extant 
which  treats  professedly  on  them ;  and  the  whole  that  relates  to  them 
might  be  included  in  two  pages  of  this  volume. 

The  machines  described  by  Vitruyius — for  it  is  to  him  we  allude— are 
the  Tympanum^  Naria,  Chain  of  Pots^  the  Screw,  and  the  Machine  of 
Cteeibius  or  Pump,  He  has  not  mentioned  the  jantu,  swape,  the  cord 
and  bucket,  with  the  various  modes  of  using  the  latter ;  probably  because 
he  considered  these  too  simple  in  their  construction  to  be  properly  classed 
among  hydraulic  machinery ;  he  therefore  passed  by  them,  and  modern 
authors  have  generally  followed  his  example.  *  Notwithstanding  the  omis- 
sion of  these,  there  are  circumstances  which  render  it  probable  that  his 
account,  brief  as  it  is,  includes  all  the  principal  machines  that  were  used 
by  the  nations  of  the  old  world,  if  we  except  China.  He  wrote  at  a  pe- 
riod the  most  favorable  for  acquiring  and  transmitting  to  posterity  a  perfect 
knowledge  of  the  mechanic  arts  of  the  civilized  nations ;  for  he  flourished 
during  the  last  scenes  of  ihe  mighty  drama  when  Rome  had  become  the 
arbitress  of  the  world,  and  the  enlightened  nations  of  the  east — their  wealth, 
learning,  arts  and  artisans,  were  prostrate  at  her  feet ;  so  that  if  we  were  to 
8uppv)se,  absurd  as  it  would  be,  that  the  previous  intercourse  of  the  Romans 
with  Asia  Minor,  Egypt,  Carthage,  and  Greece  had  not  made  them  famil- 
iar with  the  arts  of  those  countries,  nothing  could  have  prevented  them 
from  possessing  such  knowledge  when  they  became  Roman  provinces; 
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henoe  we  infer,  that  if  there  had  been  in  use  in  any  of  those  oountriea» 
(for  some  oeniuries  previous  to  or  during  the  lifetime  of  Vitruvius,  and  he 
was  an  old  man  when  he  published  his  worli ;)  any  efficient  machine  for 
raising  water,  different  from  thcise  he  has  described,  it  would  have  been 
known  to  the  R<»mans,  and  would  haye  been  noticed  by  him.  Moreover, 
he  was  evidently  familiar  with  the  inventions  of  the  mechanicians  of  for- 
mer ages  and  frequently  refers  to  them ;  nnd  as  all  the  machines  described 
by  him  were  of  foreign  origin,  and  most  of  them  of  such  high  antiquity 
as  to  reHch  back  to  ages  anterior  to  the  birth  of  Romulus  and  the  founda- 
tion of  Rome,  we  have  no  reason  to  suppose  that  any  important  one  has 
escaped  him  :  to  which  we  may  add,  if  any  useful  machine  for  raising  wa- 
tt r  had  or^nated  with  his  countrymen,  he  would  scarcely  have  fai)ed  to 
rcord  the  fact. 

The  tympamim  consists  of  a  series  of  gutters  united  at  their  open  ends 
to  a^horizontal  shaft,  which  is  made  hollow  at  one  end  and  placed  a  little 
higher  than  where  the  water  is  to  be  elevated ;  the  gutters  are  arranged 
as  radii,  and  are  of  sufficient  length  to  extend  from  the  shaft  to  a  short 
distance  below  the  surface  of  the  water,  as  represented  by  the  annexed  di- 
agram. 

S,  the  shaft ;  6,  G,  the  ^tters ;  A,  a  trough 
to  take  away  the  water.  The  arrow  indicates 
the  direction  in  which  the  wheel  turns ;  each  gut- 
ter, as  it  revolves  scoops  up  a  portion  of  water 
and  elevates  it,  till  by  the  inclination  to  the  axle, 
it  flows  towards  the  latter,  and  is  discharged 
through  one  end  of  it 

Were  the  machine  made  as  thus  represented,  i.  e. 
of  separate  gutters  and  not  connected  to  each  other, 
it  could  not  be  durable,  as  the  weight  of  water 

raised  at  the  end  of  each  would  have  a  tendency 

No.44.~7^pMit>i.         to  break  them  at  their  junction  with  the  shafL 

The  ancients  therefore  made  two  strong  disks 
of  plank  well  jointed  together,  of  the  diameter  of  the  intended  wheel,  these 
they  secured  on  a  shaft,  at-  a  distance  from  each  other,  proportionate  to 
the  quantity  of  water  required  to  be  raised.  Any  number  of  plank  par- 
titions (Vitruvius  says  eight)  were  then  inserted  in  the  direction  of  radii 
between  these  disks,  and  were  well  secured  to  them,  and  made  tight  by 
caulking  and  pitch.  The  spaces  between  them,  at  the  circumference  of 
the  wheel,  were  also  dosed,  with  the  exception  of  an  opening  left  for  the 
admission  of  water  to  each;  and  where  each  partition  joined  the  shaft,  a 
hollow  channel  was  formed  in  the  latter,  parallel  to  the  axis,  through  which 
the  water  was  dischargedL  into  a  trough  or  gutter  placed  immediately  un- 
der it.  The  tympanum  is  obviously  a  modification  of  the  jantu  of  India, 
or  rather  it  is  a  number  of  them  combined,  and  having  a  revolving  instead 
of  a  vibratory  movement.  It  is  the  first  machine  described  by  Vitruvius ; 
of  which  he  observes,  **  it  does  not  raise  the  water  high,  but  it  discharges 
a  great  quantity  in  a  short  time.''  B.  x,.  Cap.  9.  From  its  resemblance 
to  a  drum  or  tabor,  it  was  named  by  the  Romans  Tympanwn. 

The  prominent  defect  of  the  tympanum  arises  from  the  water  being 
always  at  the  extremity  of  a  radius  of  the  wheel,  by  which  its  resistance 
increases  as  it  ascends  to  a  level  with  the  axis ;  being  raised  at  the  end  of 
levers  which  virtually  lengthen  till  the  water  is  dischari^d  from  them. 
There  is  no  reason  to  suppose  that  this  defect|  if  percdved  at  all  by  an- 
cient mechanicians,  was  ever  remedied  by  them ;  to  most  persons,  the  idea 
would  never  occur,  that  so  simple  a  machine  eouid  be  eaaentially  impror 
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•d,  and  ita  IniTing  been  dncribed  as  represented  Id  the  lut  figai-e  by  » 
Roman  philoAopher  Etnd  engineer ;  it  was  most  likely  used  as  thus  con- 
nnicted,  through  the  remote  ages  of  antiquity,  to  the  esriy  part  of  the  last 
century,  when  a  member  of  the  Royal  Acadeniy  of  Sciences,  of  France, 
M.  De  La  Faye,  developed  by  geometrical  reasoning,  a  faeantifnl  and 
tnly  philooophical  impruvement.  It  is  described  by  Belidor,  (ToEa.ii,  366, 
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^ti7,)  together  with  the  process  of  reasoning  that  led  to  it  "  When  the 
drcumference  of  a  circle  is  developed  ;  a  curve  is  described,  (the  invo- 
Inte)  of  which  all  the  radii  are  so  many  tangents  to  the  circle ;  and  are 
.Ktcewise  sll  respectively  perpendicular  to  the  several  points  of  the  curve  de- 
scribed, whi6h  has  for  its  greatest  radios,  a  line  equal  to  the  peripheiy  of 
the  circle  evolved.  Hence,  having  an  axle  whose  circuroferpnce  a  fittle 
exceeds  the  height  which  the  water  is  proposed  to  be  elevated,  let  the 
circumference  of  the  axle  be  evolved,  and  make  a  curved  canal,  whose 
curvature  shall  coincide  throughout  exactly  with  that  of  the  <ATolute  just 
formed ;  if  the  further  extremity  of  this  canal  be  made  to  enter  the  water 
thu  is  to  be  elevated,  and  the  other  extremity  abut  upon  the  shaft  which 
H  turned  ;  then  in  the  course  of  rotation,  the  water  will  rise  in  a  tbrtioal 
),  tangenual  to  the  ahart,  and  perpendicular  to  the  canal,  in  what- 
■      ■  '     ■■      See  No.  45. 

The  above  figure  from  Belidor,  is  composed 
of  four  tubes  only,  but  it  is  frequently  con-  . 
tnicted  with  double  the  number.  Instead  of 
tubes,  curved  partitions  between  the  closed  sides 
'  of  the  wheel  are  oftener  used,  as  in  the  scoop 
I  WHEEI/— which  consists  of  a  number  of  semi- 
]  circular  partitions,  extending  from  the  axis  to 
the  circumference  of  a  large  flat  cylinder.  As 
it  revolves  in  the  direction  of  the  arrows,  the  ex- 
tremities of  the  parcidons  dip  into  the  water, 
and  scoop  it  up,  and  a%  they  ascend,  discharge 
it  into  a  tv>u^h  placed  tiDder  one  end  of  Ue 
shaft,  which  is  hollowed  into  as  many  compart- 
ments  as  diere  are  partitioi^s  or  scoops.  Wheels  of  this  description,  and 
prppel'ed  by  steam,  are  extensively  nsed  to  dnin  the  fens  of  Lincolnshiie 


awt  position  it  may  be." 
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The  Wropannm  hu  been  described  aa  aq  aMemblage  of  gutten,  tnd 
die  Nona  may  be  considered  aa  a  number  of  rerolving  swapca.  It  cou- 
siata  of  a  series  of  poles  united  like  tbe  arms  of  a  wheel  to  a  faorisonul 
shaiL  To  the  extremity  of  each,  a  vessel  is  attached,  which  fills  as  it  dips 
into  die  water,  and  is  discharged  into  a  reservoir  or  gutter  at  the  upper 
part  of  the  circle  which  it  describes.  See  No.  47.  Hence,  (he  fornier 
raises  water  only  through  half  a  diameter,  while  this  elevates  it  through 
a.  whole  one.  The  idea  of  thus  connecting  a  number  of  poles  with  their 
buckets,  must  have  early  occurred  to  the  agricultural  machinists  of  Asia. 
Tbe  advantages  of  such  an  arrangement  being  equally  obvious  as  in  the 
tympanum.  The  tneans  that  naturally  suggested  themselves,  of  strensth- 
ening  a  number  of  poles  thus  arranged,  gradually  brought  these  machine! 
into  the  form  of  wheels.  Sometimes,  a  rude  ring  was  formed,  to  which 
tbe  exterior  ends  were  secured ;  at  others,  disks  of  plank  were  adopted, 
and  the  vessels  were  attached  either  to  the  sides  or  run,  and  sometijaei  U> 
both. 


The  Chinese  make  the  noria,  in  what  would  seem  to  have  been  its  pri- 
mitive  form ;  and  with  an  admirable  degree  of  economy,  simplicity,  and 
■kill.  With  the  exception  of  the  axle  and  two  posts  to  support  it,  tbe 
whole  is  of  bamboo,  and  not  a  naH  used  in  its  construction.  Even  tha 
vessels,  are  oflen  joints  of  the  same,  being  generally  ^>out  four  feet  long 
and  two  or  three  inches  in  diameter.  They  are  attached  to  the  poles  by 
ligatures  at  such  an  angle,  as  to  fill  nearly  when  in  the  water,  and  to  dis- 
charge their  contents  when  at,  or  near  the  top.     See  No.  48. 

The  periphery  of  the  wheel  is  composed  of  three  rings  of  unequal  di- 
uneter,  and  so  arranged,  as  to  form  a  frustrum  of  a  cone.  The  smallest 
one,  to  which  the  open  ends  of  the  tubes  are  attached,  being  next  the  bank 
over  which  the  water  is  conveyed.  By  this  arrangement,  their  contents 
ar«  necessarily  discbaiged  into  the  gutter  as  they  pass  the  end  of  it. 
When  employed  to  raise  water  fromvninning  streams,  they  are  propelled 
by  the  current  in  tbe  usual  way — the  paddles  being  formed  of  wover 
iMmboo.     The  (ises  of  these  wheels,  vary  from  twenty  to  svventy  feet  in 
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diameter.  Accoruing  to  Staunton,  some  raise  over  three  hunjred  tims  of 
water  in  twenty-four  hours.  A  winter  in  the  Chinese  Hepositor;',  men- 
tions others  which  raise  a  hundred  and  fifty  tons  to  the  height  of  forty 
feet,  durine  the  same  time.  They  combine  strength  and  lightness  in  a  re- 
markable degree." 

The  mode  of  constructing  and  moving  the  noria  by  the  Romans,  la 
thus  described  by  Vitruvius  ;  "When  water  is  to  be  raised  higher,  than 
by  the  tympanum,  a  wheel  is  made  round  an  axis,  of  such   a  magnitude. 


a  the  height  to  which  tlie  water  ii  to  be  raided  requires.     Around  the< 
y  of  the  side  of  the  wheel,  squaj 

o  that  when  the  wheel  ia  turned  by  the  v 


tremity  of  the  side  of  the  wheel,  square  buckets  cemented  with  pitch  and 


the  filled  buckets  l<eing  raised  to  the  top,  and  turning  again  toward  the 
bottom,  discharge  of  themselves  what  they  have  brought  into  the  rirser- 
volr."  B.  X,  Cap.  9.  Newton's  Trans.  As  the  drawings  made  by  Vi- . 
truviua  himself,  and  atmexed  to  his  ^vork  are  ail  lost,  his  translators  do 
not  alwaya  agree  respecting  the  precise  form  of  the  machines  de'cribed 
by  him.  Newton  has  figured  the  noria  as  a  large  drum,  to  one  side  of  which 
square  boxes  or  buckets  are  secured.  These  buckets  are  closed  on  all 
■ides,  will  the  exception  of  an  opening  to  admit  and  discharge  the  water. 
Perault  has  placed  them  on  Uie  paddles  or  floats  of  an  undeoehot  wheel, 
like  Barbaro,  except  ti:at  the  latter  makes  the  bottom  of  the  boxes  or 
buckets  serve  a.  the  sami-.  lime  as  paddles  to  receive  the  impulse  of  the 
Stream.  SJvius,  in  his  German  Translation,  (Nuremburgh  1546,)  has  given 
one  figure  resembling  an  orierihot  wheel  with  the  motion  reversed,  a  furn 
in  which  it  is  aliU  sometimes  made  ;  in  another,  it  ia  aimilar  to  the  noric 
o/"£^57>(  at  the  present  dey,  a  modification  of  it,  probably  of  great  anlii{uity. 


No.  tt.    EgTpliu  Nerl*. 


lutcad  of  pots  or  other  vessels  secured  to  the  arms  by  ligatures,  or 
buokets  attached  to  the  aides  of  a  wheel,  as  described  by  V^ilruviua,  the 
periphery  of  the  wheel  itself  is  made  hollow,  and  is  divided  into  a  number 
of  oells,  or  compartments,  which  answer  the  same  purpose  as  separate  ve9> 
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mIs.  Th«  figare  No.  49,  is  taken  from  the  Orande  Desoriptiim  of  Egypt 
Plate  3,  Tom.  2,  E.  M.  It  wu  sketched  from  one  near  Rosetta,  which  raised 
the  water  nine  feeL  The  liquid  eaters  through  openings  in  the  rim,  and 
is  (Uscharged  from  those  on  ue  sides.  The  arrow  shows  the  direction  in 
which  it  moves.  The  section  of  part  of  the  rim,  will  render  the  internal 
construction  obTloua.  Mr.  P.  S.  Girard,  author  of  the  Memoir  on  the 
Agriculture  of  the  Egyptians,  says  they  are  extensively  used  in  the  Delta, 
the  «>y  wheels  being  very  rudely  formed. 

The  tympanum  may  be  considered  u  a  wheel  with  heUoie  gpahu, 
while  the  noria,  u  above  constmcted,  is  one  with  kiMovifeQoeM,  aterm  by 
which  it  is  designated  in  French  authors:  '  Roue  ajante  creuses,'  a  name 
very  expressive,  and  one  which,  in  the  absence  of  information  respecting 
the  constructinn  of  this  machine,  might  enable  a  mechanic  to  make  it. 

In  various    parts   of  Asia,  Greece,   Turkey,  Spain,  &c.     Earthenware 
lars  or  pots,  are  secured  to    the  rim  or  side   of  die  wheel,  as   in  No.  SO. 
£very  farm  and  garden  in  Catalonia,  says  Arthur  Young,  haa  such  a  ma- 
chine 10  raise  water  for  the  pnrposo  of  irrigating'  the  soil.     They  are   pro- 
pelled  by   horses,  oxen,   mules,  and   sotnetimes  by  men.     In  Spain,  the 
noria  has  remained  unaltered  from  remote  times.     It  is   there  still  moved 
by    means    of    a    device    which 
probably     gave    riae     to     toothed 
wheels. 

In  the  axle  of  die  noria  are  in- 
■erted  tw^i,  (and  sometimes  tour) 
strong  Btjcks  which  cross  each  oth- 
er at  right  angles,  forming  arms 
or  spokes.     The  part  of  the  shaft 

-  in  which  tliese  are   iuced,  extendi 
'  nearly  to  the  centre   of  the    path 

round  which  the  animal  walks ;  and 
conrguous  to  it,  is  the  vertical 
shaft  to  which  the  yoke  or  beam 
U  attached :  the  bottom  of  this  shaft 
has  spokes  inserted  into  it  similar 
to  the  former,  and  which  take  hold 
;  of  ihera  in  succession,  and  tliereby 
keep  the   wheel   or  noria  in   rata- 

-  tion.  See  No.  60.  This  rude  con- 
trivance is  common  through  all 
the  east,  and  is  in  all  probaltili^ 
identical  with  those  ot  the  early 
ages;  in  other  words,  the  primitive 
substitute    of    the     modem    cog 

"«"■»■  i»"tawMfcP«i.  ^heel. 

In  Besson's  '  Theatre  Des  Instrumens*  is  an  ingenious  device  by  which 
a  horizontal  shaft  with  four  spokes,  as  in  the  last  figure,  can  impart  motion 
to  a  vertjcal  one,  at  any  distance  from  the  centre,  and  thereby  answer  the 
purpose  of  a  number  of  wheels  and  pinions  in  modifying  the  velocity  of 
the  machinery,  according  to  the  ^ork  it  haa  lo  perform,  or  to  an  increase 
or  diminution  of  the  motive  force  employed.  On  the  horizontal  shaft, 
(which  is  turned  by  a  crank,)  is  a  sliding  socket  to  which  the  spokes  are 
secured.  The  vertical  shaft  has  also  a  similar  socket,  which  is  raised  and 
lowered  by  means  oi  a  screw,  and  to  it,  arms  and  spokes  are  well  secur- 
ed. These  are  arranged  in  the  form  of  a  flat  cone  ;  so  that  by  adjusting 
the  sockets,  the  spokes  in  the  horizontal  shaft  can  he  made   to   take   hold 
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on  those  which  form  the  cone  round  the  vertical  one  at  any  part,  from  its 
apex  to  its  base. 

Two  proniinent  defects  have  been  pointed  out  in  th«>  noria.  First,  part 
of  the  water  escapes  after  bein^  raised  nearly  to  the  required  elevation* 
Second,  a  large  portion  is  raised  higher  than  the  reservoir  placed  to  re* 
ceive  it,  into  which  it  is  discharged  afler  the  vessels  begin  to  descend 
(See  No.  49,  in  which  they  are  very  conspicuous.)  Consequently,  part 
of  the  power  expended  in  movinfi;  this  wheel,  produces  no  useful  effect. 
These  imperfections,  however,  did  not  escape  the  notice  of  ancient  me- 
chanicians, for  to  obviate  theui,  the  Persian  wheel  was  devised,  and  so 
named  from  its  having  been  invented  or  extensively  used  in  that  country. 

The  vessels  in  which  the  water  is 
raised,  instead  of  being  fastened  to  the 
rim,  or  forming  part  of  it,  as  in  the 
preceding  figures,  are  suspended  from 
pins,  on  which  they  turn,  and  thereby 
retain  a  vertical  position  through  their 
entire  ascent ;  .ana  when  at  the  top  are 
inverted  by  their  lower  part  coming  in 
contact  with  a  pin  or  roller  attached  to 
the  edge  of  the  gutter  or  reservoir,  as 
represented  in  the  figure.  By  this  ar- 
rangement no  water  escapes  in  rising, 
nor  is  it  elevated  any  higher  than  the 
edge  of  the  reservoir;  hence  the  defects 
in  Uie  noria  are  avoided.  Persian  wheels 
it  is  believed,  have  been  used  in  Eu- 
rope ever  since  the  Romans  ruled 
over  it,  if  not  before.  The  greatest  work  in  France  according  to  Arthur 
Young,  for  the  artificial  irrigation  of  land,  was  a  series  of  them  in  Lan- 
^aedoc,  which  raised  the  water  thirty  feet.  In  a  Dutch  translation  of 
Virgil's  Greorgics  in  1682,  they  are  represented  with  huge  buckets  like 
barrels,  suspended  from  both  sides  of  the  rim.  They  are  common  in 
Switzerland  and  the  Tyrol.  Travels  in  Poland  by  D'Ulanski,  page  241. 
They  were  extensively  used  in  England  one  hundred  and  fifty  years  ago. 
See  Diet.  Riisticum.  Lon.  1704.  We  are  not  aware  of  their  being  much 
employed,  if  at  all,  in  the  United  States. 

They  are*  common  in  various  parts  of  Asia.  **  The  water  wheels  still 
used  in  Syria,"  says  Mr.  Barrow,  "differ  only  from  those  of  China,  by 
having  loose  buckets  suspended  at  the  circumference,  instead  of  fixed 
tubes."*  Dr.  Russel,  in  his  *  Natural  History  of  Aleppo,'  (p.  20,)  says  the 
inhabitants  make  use  of  large  quantities  of  water,  "  which  they  raise  with 
the  Persian  wheel,"  from  the  nver.  Perhaps  the  most  interesting  speci- 
mens of  these  machines  extant,  are  to  be  found  in  another  and  very  ancient 
ci^  of  Syria;  m  Hdmath  on  the  Orontes,  so  named  after  its  founder,  one 
of  the  sons  of  Canaan.  "  Two  days  journey  below  Homs,  (says  Volney) 
is  Hamath,  celebrated  in  Syna  for  its  water  works.  The  wheels  are 
the  largest  in  the  country,  being  thirty-two  feet  in  diameter."  The  city  is 
built  on  both  sides  of  the  river,  and  is  supplied  with  water  from  it  by 
means  of  them,  the  buckets  of  which  empty  themselves  into  stone  aque- 
ducts, supported  on  lofty  arches  on  a  level  with  the  ground  on  which  the 
city  stands.  They  are  propelled  by  the  current.  Burckhardt  observed  about 
a  dozen  of  them,  the  largest  he  says,  "  is  called  Naoura  el  Mahommeyde, 
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and  18  at  least  seventy  feet."*  They  are,  he  remarks,  the  greatest  oariosity 
which  a  modem  traveler  can  find  in  the  city.  Their  enormous  magnitude 
will  be  apparent,  if  we  consider  that  the  loftiest  class  of  buildings  in  this 
cityi  (N.  York,)  those  of  six  stories,  seldom  exceed  sixty  feet.  If  there- 
fore, the  largest  of  the  Persian  wheels  at  Hamath,  were  placed  on  the 
fKivement,  with  its  side  towards  a  range  of  such  buildings,  it  would  oo* 
cupy  a  space  nearly  equal  to  the  fronts  of  three  of  them,  and  would  ex* 
tend  several  feet  over  the  roofs  of  the  highest — and  twelve  of  them  would 
occupy  a  street,  one  sixth  of  a  mile  in  length. 

The  construction  of  the  water  works  of  Hamaih  have  probably  re- 
mained unaltered  in  their  general  design,  from  very  remote  times.  The 
p(;culiar  location  of  this  city,  the  rapidity  of  the  rivor,  (named  El  Ausi, 
the  swift,)  and  its  consequent  adaptation  to  propel  undershot  wheels,  which 
we  know,  were  used  in  such  works  by  the  ancients,  render  it  probable 
that  the  present  modo  of  raising  water,  is  much  the  same  as  when  this  city 
flourished  under  Solomon ;  and  when  the  Romans  under  Aurelius,  over- 
threw the  queen  of  Palmyra  and  her  army,  in  its  immediate  vicinity;  and 
from  the  great  antiquity  of  the  noria,  its  extensive  use  over  all  Asia  in 
fbrmer  ages,  and  its  peculiar  adaptation  to  Hamath,  and  the  tenacious  ad- 
herence of  the  orientals  to  the  devices  of  their  forefathers;  we  infer  that 
the  machines  which  Burckhardt  beheld  with  admiration,  raising  the  water 
of  the  Orontes,  were  similar  to  others  in  use  at  the  same  city,  when  the 
spies  of  Moses,  searched  the  land,  *from  the  wildermiss  of  Zin  unto  Rehob, 
as  men  come  to  Hamath'^  These  wheels  may  be  ciied  as  another  proof  uf 
the  preseivation,  (by  continual  use)  of  hydraulic  machines,  while  every 
other  memorial  of  the  people  by  whom  they  were  originally  usea,  has 
long  since  disappeared. 

Modes  of  propelling  the  noria.— -The  tympanum,  noria,  chain  of 
pots,  and  even  the  screw,  were  often  turned,  according  to  Vitruvius,  by 
the  *  treading*  or  *  walking  of  men,'  i.  e.  except  when  employed  to  raise 
water  from  rapid  streams,  in  which  case  they  were  propelled,  he  says,  by 
the  current  acting  on  float  boards  or  paddles,  as  in  common  under-shot 
wheels.  There  is  a  difference  of  opinion  among  his  translators  respecting 
the  mode  by  which  men  moved  these  machines.  Rivius,  the  translator  of 
the  Grerman  edition  of  1*548,  seems  to  have  thought  that  they  walked  round 
an  upright  shaft,  (as  in  flgs.  26  and  53,)which  they  turned  by  horizontal 
bars,  and  by  means  of  cog  wheels  communicated  the  required  motion'. 
He  has  also  represented  the  noria  as  moved  by  men  turning  a  crank ;  a 
mode  of  propelling  it  that  is  figured  in  the  first  German  edition  of  Ve- 
getius,  (1511.',  BarharOy  (1567,)  represents  the  tympanum  as  moved  Sy 
a  crank;  the  noria  by  a  current  of  water;  and  the  chain  of  pots,  b^  a 
tread  wheel,  like  the  one  figured  in  No.  24.  Perault,  also,  in  his  figure  of 

^Travels  in  Syria,  and  the  Holy  Land.    Lon.  1822,  p.  146. 

^  There  ai e  several  interesting  circunistancea  recorded  respecting  Hamath.  Thia  CAtj 
and  Damascus  were  frequently  subject  to  the  Jews.  The  '  land  of  Hamath,'  was  par- 
ticularly fatal  to  them  and  their  kiogs.  Zedekiah  was  there  taken,  and  his  sons  and  no- 
bles slain  in  his  presence ;  his  own  eyes  were  then  put  out,  and  he  was  carried  a  captive  to 
Babylon,  whete  he  died.  Jer.  xxxix,  5.  Pharaoh  Necho  there  put  Jehoohaz,  another  of 
their  kings  in  bonds,  whence  he  was  taken  a  prisoner  to  Egypt,  and  confined  till  his 
death.  2  Kings  xxiii,  34.  Among  the  most  interesting  discoveries  of  modern  tmies. 
connected  with  the  ancient  history  of  this  people,  are  sculptured  representations  at 
Thebes,  of  the  Jews  captured  by  Shishak,  with  the  bieroglyphical  inscription,  [  Ju 
houda  Melee,'  king  of  the  Jews.  From  the  discoveries  of  Young  and  Champollion, 
the  precision  with  which  the  dates  are  determined,  is  wonderful ;  *  many  of  tlie  sculp 
tures  have  the  dates  inscribed  to  the  day  and  the  month.'  The  fi^ire  of  the  Jewish 
king,  is  supposed  to  be  a  correct  portrait,  for  we  are  told  in  those  of  the  Egyptian  mo 
Aarcha,  '*  toe  likenesses  are  always  exactly  preserved." 
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the  tympanum^  places  the  men  in  a  similar  one,  and  this  interpretation  of 
the  text  has  been  generally  followed.  It  is  corroborated  by  other  ancient 
authors,  and  by  Vitravius  himself,  in  Book  x,  cap.  4,  where  he  speaks  of 
a  wheel  to  raise  weights,  '  by  the  walking  of  men  therein,*  that  is,  the 
common  walking  crane.  Philo,  who  was  contemporary  with  Vitruvius, 
or  flourished  shohtly  after  him,  mentions  a  wheel  for  raising  water,  which 
was  turned  by  the  motion  of  men's  feet,  '  by  their  ascending  successively 
the  several  steps  that  are  within  it.'  Tread  wheels  are  mentioned  also 
by  Suetonius,  and  Strabo  speaks  of  some  for  raising  the  water  of  the  Nile, 
which  were  moved  by  a  hundred  and  fifty  slaves.  Mr.  Newton,  the  En- 
glish translator,  supposed  the  men  walked  on  the  outside  of  the  wheel, 
like  the  modem  treaid  mill.  It  is  very  probable  that  this  mode  was  in 
use  among  the  ancients,  for  it  is  common  in  Persia  and  other  oriental 
countries,  particularly  China,  where  it  is  undoubtedly  of  great  antiquity. 
Barbaro  has  figured  the  screw,  as  propelled  by  men  pulling  down  spokes 
on  the  periphery  of  a  wheel  attached  to  it,  or  by  treading  on  them. 

About  eighteen  years  ago,  a  person  in  this  city,  (N.  York,)  took  out\ 
patent  for  employing  animals  to  propel  such  wheels.  A  horse  was  placed 
near  the  top  and  yoked  to  a  horizontal  beam  fixed  behind,  and  against 
which  he  drew.  In  January,  1795,  a  Mr.  Eckhardt  obtained  a  patent  in 
England  for 'A  Method  of  applying  Animals  to  Machinery  in  general.' 
His  plan  was  to  employ  cattle  and  all  other  bulky  animals  to  walk  on  the 
top  of  large  wheels;  he  also  proposed  a  flexible  floor,  like  an  endless  chain, 
which  passed  over  two  wheels,  and  formed  an  inclined  plane  on  which 
animals  walked,  and  to  increase  the  effect,  they  drew  a  loaded  cart  be- 
hind them.*  Sixty  years  beforje  this,  viz.  in  1734,  Mr.  W.  Churchman 
exhibited  before  the  Royal  Society,  a  model  of  'A  new  Engine  for 
raising  Water,  in  which  Horses  and  other  Animals  draw  without  any  loss 
pf  power.'  This  engine  was  a  series  of  pumps  worked  by  a  large  tread 
wheel,  on  the  top  of  which  horses  were  made  to  draw  agains;  a  beam  to 
which  they  were  yoked.  He  also  proposed  to  employ  horses  at  the  same 
dme  within  the  wheel.^  But  the  contrivance  was  even  then  an  old  one,  for 
in  Agricola,  a  horse  is  figured  imparting  motion  to  bellows  by  walking 
%ipon  a  tread  wheel.® 

There  is  a  passage  in  the  second  chapter  of  the  Koran,  which  throws 

0ome  light  on  the  early  employment  of  animals  in  raising  water.     Among 

.  the  ancients,  it  was  a  prevailing  custom  when  they  sacrificed  an  ox,  or  a 

heifer,  to  select  such  as  had  never  been  broken  to  labor  :  hence  the  direc- 

tion  of  the  Sibyl  to  Eneas. 

Seven  ballocks  yet  wnfoked^  for  PboBbns  choose. 
And  for  Diana,  seven  unspotted  ewes. 

The  Israelites  also,  were  instructed  to  offer  "  a  red  heifer  without  spot 
wherein  is  no  blemish,  and  upon  which  never  came  yoke,**  **  An  heifer 
which  hath  not  been  wrought  withy  and  which  hath  not  drawn  in  the  yoke." 
One  which,  according  to  Mahomet,  was  "  not  broken  to  plough  the  earth, 
or  WATER  ihefidd*\  Now  this  interpretation  is  not  only  consistent  with 
the  text  of  Moses,  but  is  exceedingly  probable,  for  the  Arabs  have  un- 
doubtedly preserved  with  their  independence  and  ancient  habits,  traditions 
of  numerous  transactions  referred  to  in  the  Pentateuch,  the  particulars  of 
which  are  not  recorded ;  besides  it  indicates,  what  indeed  might  have 
been  inferred  :  viz.  that  the  principal  employment  of  animals  in  the  early 
ages,  was  to  plough  and  irrigate  the  soil.     But  when  in  process  of  time, 

^Repertory  of  Arts.  Lon.  1795.  Vol.  ii.  ^PhiL  Trans.  Abridged  by  Martyn,  viii,  '^1 
•DeRe  Uetalliea,  169 


118  AsUiquiiy  of  the  Nana,  fBook  I. 

human  population  became  dense,  then  animal  labor  was  in  some  degree 
superseded  by  that  of  man.  The  extensive  employment  of  the  latter, 
appears  to  have  been  a  prominent  feature  in  the  political  economy  of  an- 
cient Egypt,  just  as  it  is  in  modem  China.  As  the  country  teemed  with 
inhabitants,  the  extensive  use  of  animal  labor  would  not  only  have  inter- 
fered with  the  means  of  the  great  mass  of  the  former  in  obtaining  a  living, 
but  would  have  required  too  large  a  portion  of  the  land  to  raise  food 
merely  for  the  latter.  ^____^^ 

The  antiquity  of  the  noria  may  be  inferred  from  its  name  of  "  Egyptian 
wheel,"  the  only  one  by  which  it  was  known  in  some  countries.  It  is  to 
be  found  jf  we  mistake  not,  among  the  symbols  of  ancient  mythology. 
In  elucidating  one  of  the  religious  precepts  of  Numa«  which  required 
persons  when  worshipping  in  the  temples,  to  turn  round ;  Plutarch  ob- 
serves, that  this  change  of  posture  may  have  an  enigmatical  meaning,  'Mike 
the  Egvptian  wheels,  admonishing  us  of  the  instability  of  every  thing 
human,  and  preparing  us  to  acquiesce  and  rest  satisfied  with  whatever 
turns  and  changes  the  divine  being  may  allot"  Life  of  Numa.  This 
figurative  application  of  the  noria,  is  obviously  used  by  Plutarch  as  a  com- 
mon and  consequently  a  long  established  symbol  of  the  mutability  of  human 
affairs  ;  and,  as  the  sentiment  which  he  illustrates  by  it.  Is  precisely  the 
lame  as  that  which  the  tched  of  the  goddess  of  fortune  was  designed  tc 
point  out,  the  "  instability  of  fortune,"  and  of  which  it  was  the  emblem, 
we  conclude  that  the  "  wheel  of  fortune,"  was  a  waJter  wheel,  and  no  oth- 
er than  the  noria  ;  and  that  to  it,  the  Grecian  philosopher  in  the  above 
passage  referred.  The  selection  of  an  Egyptian  wheel  to  denote  the  mu- 
tability of  human  aifairs,  indicates  the  origin  not  only  of  Plutarch's  simili- 
tude, but  also  that  of  the  fable  of  the  goddess.  Egypt  was  the  source 
whence  the  Greeks  obtained  not  6nly  their  arts  and  science,  but  also  their 
mythology,  with  its  deities,  heroes  and  its  mysterious  system  of  symbolical 
imagery ;  and  if  the  Egyptians  were  not  the  inventors  of  the  system  of 
representing  and  concealing  things  by  symbols,  they  certainly  carried  it  to 
a  greater  extent  than  any  other  people,  and  at  a  period  lone  before  the 
Greeks  had  emerged  from  barbarism,  or  an  Egyptian  colony  had  settled 
in  their  country. 

Although  we  are  not  aware  that  the  toheel  of  fortune  had  any  other 
signification,  yet,  as  the  same  goddess  presided  over  riches  and  abund- 
ANCEr— a  more  expressive  emblem  of  these  in  Eoypt  could  not  have  been 
devised.  Agriculture  was  tlie  grand  source  of  wealth  in  that  country, 
and  it  depended  almost  entirely  upon  artificial  irrigation,  for  except  dur- 
ing the  annual  inundation  of  the  Nile,  water  was  raised  for  that  purpose 
by  machines,  and  among  these,  the  nor.a  was  one  of  the  most  prominent, 
and  probably  one  of  the  most  ancient.  Eg;ypt  without  irrigation  would 
have  been  a  dreary  waste,  and  like  its  neighboring  deseits  uninhabited  by 
man;  but  by  means  of  it,  the  soil  became  so  exceedingly  fertile  that 
Egypt  became  "the  garden  of  the  east," — the  "  hot  bed  of  nature,"  and 
the  "granary  of  the  world."  It  was  artificial  irrijfation  which,  under  the 
Pharaohs,  produced  food  for  seventeen  millions  of  inhabitants,  and  in  the 
reign  of 'Rameses  or  Sesostris,  a  surplus  sufficient  for  thirty -three  millions 
more ;  and  even  under  the  Grecian  yoke,  when  its  ancient  glory  had  lone 
departed,  the  prodigious  quantities  of  grain,  which  it  produced,  enabled 
Ptolemy  Philadelphus  to  amass  treasure  equal  to  nine  hundred  and  fifty 
millions  of  dollars.  There  was  therefore  a  peculiar  propriety,  whether 
designed  or  not,  in  the  goddess  of  "  prosperity,"  "  riches,"  and  "  abund- 
ance," being  accompanied  with  the  noria  or  Egyptian  wheel,  the  imple- 
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ment  wfaidi  contributed  co  greatly  to  produce  them.  The  manner  in 
which  thU  dei^  waa  aometimes  represented,  appears  to  have  -had  direct 
reference  to  aericultmre  and  irrigHtion.  She  was  seated  on  rocks,  (eni- 
bleiQ*  of  sterility  1)  the  wheel  by  her  aide  and  a  river  at  her  feel,  (lo  sig- 
nify irrigation!)  and  she  held  wneat  esj^  and  flowers  in  her  hand.  But 
whether  the  tnelent  Egyptians  adopted  the  noria  or  not,  as  the  emblem 
of  wealtli  and  irrigation,  one  of  their  most  favorite  symbols  has  direct 
reference  to  the  latter,  and  indirectly  to  the  former:  viz.  the  sphinx; 
-  figures  of  which  ha*e  been  found  among  the  ruins,  from  one  end  of  the 
cnontry  to  the  other.  This  figure  consisis,  as  is  universally  known,  of  the 
the  bead  and  breasts  of  a  woman,  united  to  the  body  of  a  lion,  and  wsa 
rniibolical  of  the  annual  overflow  of  the  Nile,  which  occurred  when 
tbe  sun  passed  through  the  sodiacal  signs,  Leo  and  Virgo — hence  the 
combination  of  these  signs  in  the  Sphinx,  ak  an  emblem  of  that  general 
irrigation  of  the  land  once  a  year,  upon  which  their  prosperity  so  greatly 
depended.  This  was  the  origin  of  passing  streams  of  water  through  the 
mouths  of  figures  of  lions,  and  sometimes,  though  more  rarely,  of  virgins,  as 
in  the  figures  below— which  are  taken  from  Riviua'  translation  of  Viti 
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The  analogy  between  the  form  and  ornaments  of  an  object  and  its  nses, 
■eems  to  have  alway«  been  kept  in  view  bv  the  ancients ;  although,  from 
our  imperfect  knowledge  of  them,  it  is  diflicult  and  sometimes  impossible 
lo  perceive  it  That  they  displayed  unrivaled  skill  in  some  of  their  de- 
igns and  decorations  is  universally  admitted.  There  is  certainly  no  na- 
tural analogy  between  a  lion  and  a  fountain,  and  no  obvious  propriety  in 
making  water  to  flow  out  of  the  mouths  of  liguree  of  these  animals  ;  on 
the  contrary,  they  appear  to  be  very  inappropriale ;  but  when  we  learn 
that  the  lion  as  an  astronomical  symbol,  was  intimately  associated  with  a 
great  natural  hydraulic  operation,  of  tbe  first  importance  to  tbe  welfare 
of  the  Egyptians,  we  perceive  at  once  their  reasons  for  transferring  figures 
of  it  to  artihcial  discharges  of  the  liquid,  and  hence  the  orifices  oT  cocks, 
pipes,  and  spouts  of  gutters,  fountains,  &c.  were  decorated  as  above.  In 
some  ancient ,^>iE)(totM*,  figures  of  virgins,  as  nymphs  of  springs,  leaned 
upon  urns  of  running  water.  In  others,  vases  overturned,  (with  figures 
of  Aquarius,  Oceanus,  kc.)  a  beautiful  device.  Lions'  heads  for  sponU 
•re  very  common  in  Pompeii. 

There  is  another  ancient  emblem,  and  one  that  is  universally  admired, 
which  may  here  be  noticed,  as  its  origin  is  associated  with  artificial  irri- 
faiion — the  Cornucopia,  or  'Horn  of  Abundance.'  This  elegant  symbc^ 
IS  probably  of  Egyptian  origin,  for  leis  was  sometimes  represented  with 
It,  and  Itii,  in  the  Egyptian  lane^age,  signified  the  'cause  of  abundance.' 
We  h^ve  already  seen  that  irrigation  was  and  still  is,  the  |)rincipa]  source 
of  plenty  in  Esypt ;  and  too/er  in  the  scriptures  is  repeatedly  used  in  the 
nine  sense.  To  understand  the  allegory,  it  must  be  borne  >n  mind  that 
river^  were  anciently  compared  to  bulU;  the  reasons  for  which  at  this  re 
mote  period,  are  not  very  obvious  ;  perhans  »"ion^  others,  from  tbe  nova 
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of  rapiiJ  streams,  bearing  some  resembance  at  a  distance,  to  the  lowing 
and  bellowing  of  these  animals ;  and  the  hra$u:he8  qf  riven  were  com- 
pared to  their  horns;  thus,  the  small  branch  of  the  Bosphorus,  which 
forms  the  harbor  of  Constantinople,  still  retains  its  ancient  name  of  the 
'  Golden  Horn ;'  and  in  some  of  our  dictionaries,  *  winding  streams'  is 
given  as  one  of  the  definitionb  df  horns.  The  bull  which  is  common  on 
some  Greek  coins  is  supposed  to  have  been  the  symbol  of  a  river,  per^ 
haps  from  the  overflow  ot  some,  when  the  sun  passed  through  the  zodiacal 
sign  Tatarus,  According  to  the  Grreek  version,  one  of  the  branches  of  the 
river  Achdous  in  E pirns,  was  diverted  or  broken  off  by  Hercules,  to  irri- 
gate some  parched  ianc'  in  its  vicinity.  This,  like  odier  labors  of  that 
hero,  was  allegorized  by  representing  him  engaged  in  conflict  with  a  bull, 
(Achelous)  whom  he  overcame,  and  broke  off  one  of  his  horns;  and  this 
horn  being  filled  with  fruits  and  flowers,  was  emblematical  of  the  suhse- 
quent  fertility  of  the  soU.    Ovid  describes  the  contest,  when  that  hero 

'twizt  pi^e  sod  icom. 

From  his  maimed  front,  he  tore  the  dtatiborn  horn, 
Thii,  heap'd  with  flowen  and,  fruits,  the  Naiads  bear, 
Sacred  to  plenty,  and  the  bounteoils  jear. 

But  Achelous  in  hit  oozy  bed  • 

Deep  hides  his  brow  detormM,  and  rustic  head, 

^o  real  wound  the  victor's  triumph  show'd, 

But  his  !o8t  honors  |;riev'd  the  watery  god.    Met.  ix. 

Thus  river  gods  were  somtftimss  repnvented  with  a  cornucopia  in  one 
hand,  and  the  other  restirg  on  a  vase  of  flowing  water. 

Another  interesting  aliegory  of  the  ancients  has  reference  to  water : 
the  fable  of  Medea,  who  it  was  said,  by  boiling  old  people,  made  them 
young  again,  referred  to  warm  or  vapor  baths,  which  she  invented,  and  into 
which  she  infused  fragrant  herbs — ^in  other  woios,  the  'patent  medicated 
vapor  baths'  of  the  present  day.  She  also  posse.ise<i  the  art  of  changing 
the  color  of  the  hair.  When  therefore,  by  her  fomentations,  persons  ap- 
peared more  active  and  improved  in  health,  and  their  grey  hairs  chsnged 
into  ringlets  of  jet,  the  belief  in  her  magic  powers  became  irresistible— 
and  when  at  length,  her  apparatus,  i.  e.  the  cauldrons,  toood  and  fire,  ^ 
were  discovered,  (which  she  had  sedulously  concealed,)  it  was  supposed 
that  her  patients  were  in  reality  boiled.  From  Ovid,  it  seems  she  had  the 
modem  stdphur  bath  also,  and  used  it  in  the  cure  of  iESson,  tho  father  of  her 

husband  Jason : 

the  sleeping  sire, 

She  lostrates  thrice  with  sulphur,  water,  fire. 
•  •  •  »  • 

His  feeble  frame  resumes  a  youthful  air, 
A  glossy  brown,  his  hoaiy  beard  and  hair. 
The  meagre  paleness  from  his  aspect  fled 
And  in  its  room  sprang  up  a  florid  red.    Mst,  vii. 

This  lady  was  the  great  patroness  of  herb  and  steam  doctors  >  old  ;  and 
may  be  considered  the  ancient  representative  of  modem  manufacturers  of 
specifics,  which,  as  they  allege,  (and  often  truly)  remove  all  diseases.  The 
fable  of  her  slaying  her  own  children  in  the  presence  of  Jason,  is  easily 
explained  by  her  administering  to  them  the  torong  medicine,  or  too  large 
a  dose  of  the  right  one ;  the  latter  was  certainly  the  case  with  old  PeHas 
who  expired  under  it 

Having  noticed  in  this  chapter  the  supposed  origin  of  cog-wheels,  we 
may  as  well  introduce  here  an  ancient  mechanic,  to  whom  we  shall  have 
occasion  hereafter  to  allude ;  one,  whose  name  is  intimately  associated 
with  the  most  valuable  machines  for  raising  water,  and  with  several  im 
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portant  improvements  in  the  mechanic  arts.  As  the  earliest  distinct  notice 
of  cog-wheels  is  in  the  description  of  one  of  his  machines,  (see  the  clep- 
sydra, page  547.)  we  may  as  well  introduce  him  to  the  reader  at  this 
part  of  our  subject,  although  we  have  not  yet  in  the  progress  of  our 
work,  arrived  at  the  period  at  which  he  flourished. 

During  the  reign  of  Ptolemy  Philadelphus  over  Egypt,  an  Egyptian 
iNurber  pursued  his  vocatioi.  in  the  city  of  Alexandria.  Like  all  professors 
of  that  ancient  mystery,  he  T>osse8sed  besides  the  inferior  apparatus,  the 
ttoo  most  essentisd  implement?  of  all :  a  razor  and  a  looking  glass,  or 
mirror,  probably  a  metallic  one.  '1  his  mirror,  we  are  informed,  was  sus- 
pended from  the  ceiling  of  his  shop  and  balanced  by  a  weight,  which 
moved  in  a  concealed  case  in  one  cc>mer  of  the  room.  Thus,  when  a 
customer  had  undergone  the  usual  purifyuig  operations,  he  drew  down 
the  mirror,  that  he  might  witness  the  improvement  which  the  artist  had 
wrought  on  his  outer  man ;  and,  like  Otho, 

In  the  Speculum  sunrey  his  charms     Juv.  Sat.  ii. 

after  which  he  returned  it  to  its  former  position  for  the  use  of  the  next 
custon^-er.*  It  would  seem  that  tho  case  in  which  the  weight  moved  was 
enclosed  at  the  bottom,  or  pretcy  accurately  made,  for  as  the  weight 
moved  in  it,  and  displaced  the  air,  a  certain  sound  was  produced,  either 


*Bfetallic  mirrors  furnish  one  of  the  best  proofs  of  skill  in  working  the  metals  in  the 
remotest  times,  for  their  antiquity  extends  beyond  all  records.  In  the  first  pages  of  his- 
tory they  are  mentioned  as  in  common  use.  The  brazen  laver  of  the  Tabernacle, 
was  made  of  tne  mirrors  of  the  Israelitisn  women,  which  they  carried  with  them  out  of 
Egypt  From  some  found  at  Thebes,  as  well  as  representations  of  others  in  the  sculp- 
tures and  painungs.  we  see  at  once  tiiat  these  '  lootcing  glasses,'  (as  tliey  are  called  m 
Ezodus,^  were  similar  to  tliose  of  Greek  and  Roman  ladies  :  viz.  round  or  oval  plates 
of  metaj,  from  three  to  six  inches  in  diameter,  and  having  handles  of  wood,  stone  and 
metal  highly  ornamented  and  of  various  forms,  according  to  the  taste  of  the  wearer. 
Some  have  been  found  in  Egypt  with  tlie  lustre  partially  preserved.  They  are  com- 
posed of  an  alloy  of  copper,  and  antimony  or  tin,  and  lead ;  and  appear  to  have  been 
curried  about  the  person,  secured  to,  or  suspended  from  the  girdle,  as  pincnshions  and 
■eissors  were  formerly  worn  and  are  so  still  by  some  antiquated  ladies.  The  Greeks 
and  Romans  had  them  also  of  silver  and  of  steel.  Some  of  the  latter  were  found  in 
Herculaneum.  Plutarch  mentions  mirrors  enclosed  in  very  rich  frames.  Among  the 
articles  of  the  toilet  found  in  Pompeii,  are  ear-rings,  golden  and  common  pinit  and 
several  metallic  mirrors.  One  is  round  and  eight  inches  in  diameter,  the  other  an  ob 
long  square.  They  had  them  with  plane  surfaces,  and  also  convex  and  concave.  Se 
neca  says  his  countrywomen  had  them  also,  equal  in  length  and  breadth  to  a  full  grown 
person,  superbly  decorated  with  gold  and  silver,  and  precious  stones.  Their  luxury  in 
this  article,  seems  to  have  been  excessive,  for  the  cost  of  one  ofVen  exceeded  a  mo- 
derate fortune.  The  dowry  which  the  Senate  gave  the  daughter  of  Scipio,  according 
to  Seneca,  would  not  purchase  in  his  time,  a  mirror  for  tlie  daughter  of  a  freedman. 
The  Anglo-Saxon  dames  had  portable  metallic  mirrors,  and  wore  them  suspended  from 
die  waisL  It  is  not  a  litle  singular  that  the  ancient  Peruvians  had  them  also,  formed  of 
silver,  copper  and  its  alloys,  and  also  of  obsidian  stone.  They  had  them  plane,  convex, 
and  concave.  Had  not  the  art  of  making  these  mirrors  been  revived  in  the  speculums 
of  reflecting  telescopes,  tlieir  lustre  could  hardly  have  been  appreciated ;  and  they 
would  probably  have  been  considered  as  indifferent  substitutes  for  the  modern  looking- 
fflass.  These  last  are  supposed  to  have  been  manufactured  in  ancient  Tyre,  and  of  « 
black  colored  glass.  Fluid  lead  or  tin  was  afYerwards  used.  It  w^as  poured  on  th«* 
plates  while  they  were  hot  from  tlie  fire,  and  being  suffered  to  cool,  formed  a  bank 
which  reflected  the  image.  Looking-glasses  of  this  description  were  made  in  Venice, 
in  the  13th  century.  It  was  not  till  akuiut  the  16th,  that  the  present  mode  of  coating  the 
back  with  quicksilver  and  tin  foil  was  introduced.  The  inventor  is  not  known. 
Venus  was  sometimes  represented  with  a  speculum  in  one  hand,  and  the  astronomi«*a] 
symbol  of  the  planet  Venus  is  the  figure  of  one.  There  is  a  chemical  cxaminatim* 
of  an  ancient  speculum  in  the  17th  volume  of  Tilloch's  Phil.  Mag. 

Barbers  flourished  m  the  mythologic  ages,  for  Apollo  having  prolonged  the  ears  of 
Midas  to  a  length  resembling  those  of  a  certain  animal,  the  latter  it  is  said,  endeavored 
to  bide  nis  amgmce  by  his  hair,  but  found  it  impossible  to  conceal  it  ^/oiu  his  barber 
Bronte  razors  were  anciently  common. 
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by  its  capalnon  through  some  small  orifice,  or  by  its  escape  between  tlio 
sides  of  the  case  and  the  weight.  This  sound  had  probably  remained 
unnoticed  like  the  ordinary  creaking  of  a  door»  perhaps  for  years,  until 
one  day  as  the  barber's  son  was  amusing  himself  in  his  father's  shop,  his 
attention  was  arrested  by  it.  This  boy's  subsequent  reflections  induced 
him  to  investigate  its  cause  ;  and  from  this  simple  circumstance,  he  was 
led  eventually  either  to  invent,  or  greatly  to  improve  the  hydraulic  organ, 
a  musical  instrument  of  great  celebrity  m  ancient  times.  His  ingenuity 
and  industry  were  so  conspicuous,  that  he  was  named  '  The  Delighter  in 
Works  of  Art^'  His  studies  in  various  branches  of  natural  philosophy, 
were  rewarded  it  is  ssdd,  with  the  discovery  of  the  pump,  air-gun,  fire-en- 
gine, &c.  He  also  greatly  improved  the  clepsydra  or  water-clock,  in  the 
construction  of  which  he  introduced  toothed  wheels,  and  even  jeweled 
holes,  Vitruvius,  ix,  9.  These  ancient  time-keepers,  were  therefore  the 
origin  of  modem  clocks  and  watches.  Now  this  Dk  ber*s  son  is  the  indi- 
vidual we  wish  to  introduce  to  the  reader,  as  CTEsib  us  op  Alexandria, 
one  of  the  most  eminent  mathematicians  and  mechanicians  of  antiquity — 
one,  whose  claims  upon  our  esteem^  are  not  surpassed  by  those  of  any 
other  individual,  ancient  or  modem. 

It  will  be  perceived  that  chd  simple,  the  trivial  sound  produced  by  the 
descent  of  the  weight  in  his  father's  shop,  was  to  him,  what  the  fall  of  the 
apple  was  to  Newton,  and  the  vibration  of  the  lamp  or  chandelier  in  the 
Church  at  Pisa,  to  Galileo.  The  circumstance  presents  another  to  the  nu- 
merous proofs  which  might  be  adduced,  that  inquiries  into  the  causes  of 
the  most  trifling  or  insignificant  of  j>hy8ical  effects,  are  sure  to  lead,  di- 
rectly or  indirectly,  to  important  results— while  to  young  men  especially, 
it  holds  out  the  greatest  encouragement  to  occupy  their  leisure  in  useful 
researches.  It  shows,  that  however  unpropitious  cheir  circumstances  may 
be,  they  may  by  industrious  application,  become  distinguished  in  science, 
and  may  add  their  names  to  those  of  Ctesibius  and  Franklin,  and  many 
others — ^immortal  examples  of  the  moral  grandeur  of  irrepressible  per- 
severance in  the  midst  of  difficulties. 


CHAPTER    XV. 

THE  CHAIN  OF  P0T8->Ita  origin— Used  ia  JoMph*i  well  At  Cairo— Nameroof  in  Egypl— Attempt  ot 
Bolsoni  to  tupenade  it  and  the  noria— Cliain  of  pou  of  the  Romaaa,  Hindooa,  Japaneee,  and  Enropeana— 
DaeerlbeU  by  Africola— Spanish  ona— Modern  ono— Application*  of  it  to  ocher  parpoMS  than  ratsinf 
waleiw-£niployed  ae  a  6ret  norer  and  •uhctitute  for  overahoi  wheels  Prancini^  maohiue— Antiquity  ol 
the  chain  cf  pota— Often  confounded  with  the  noria  by  ancient  and  modem  anthora— Introduced  intn 
Oneceby  Danana— Opinione  of  modem  writere  on  its  antiquity— Referred  to  by  8olomo»— Babylonian 
•nfine  that  raised  the  water  of  the  Euphralee  to  supply  the  hnoffinf  fardens— Rope  pump— HydrauUe 
Belt. 

The  tympanum  and  noria  in  all  their  modifications,  have  been  consider- 
ed as  originating  in  the  gutter  or  jantn,  and  the  swape ;  while  the  ma- 
chine we  are  now  to  examine  is  evidently  derived  from  the  primitive  cord 
and  bucket  The  first  improvement  of  the  latter  was  the  introduction  of 
a  pulley  (No.  11)  over  which  the  cord  was  directed— the  next  was  the  ad- 
dition of  another  vessel,  so  as  to  have  one  at  each  end  of  the  rope,  (Nos. 
13  and  14)  and  the  last  and  most  important  consisted  in  uniting  the  ends 
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of  the  rope,  and  securing  to  it  a  number  of  vessels  at  equal  distaccet 
through  the  whole  of  its  length — and  the  CHi^iN  op  pots,  was  the  result. 

The  genera]  construction  of  this  machine  will  appear  from  an  examin- 
ation of  those  which  are  employed  to  raise  water  from  Joseph's  well 
at  Cairo,  represented  at  page  46.  Above  the  mouth  of  each  shaft  a 
vertical  wheel  is  placed:  over  which  two  endless  ropes  pass  and  are  sus- 
pended from  it.  These  are  kept  parallel  to,  and  at  a  short  distance  from 
each  other,  by  rungs  secured  to  them  at  regular  intervals,  so  that  when 
thus  united,  they  form  an  endless  ladder  of  xopes.  The  rungs  are  some- 
times of  wood,  but  more  frequently  of  cord  like  the  shrouds  of  a  ship^ 
and  the  whole  is  of  such  a  length  that  the  lowest  part  hangs  two  or  three 
feet  below  the  surface  of  the  water  that  is  to  be  raised.  Between  the 
rungs,  earthenware  vases  (of  the  form  figured  No.  7)  are  secured  by  cords 
round  the  neck,  and  also  round  a  knob  formed  on  the  bottom  for  that  pur- 
pose. See  A,  A,  in  the  figure.  As  the  axis  of  the  two  wheels  are  at 
nght  angles  to  each  other,  two  separate  views  of  the  chains  are  repre- 
sented. -In  the  lower  pit,  both  ropes  of  one  half  of  the  chain  is  seen  * 
while  in  the  upper,  the  whole  length ,  of  one  is  in  view.  The  vases  or 
pots  are  zo  arranged  that  in  passing  over  the  wheel,  they  fall  in  between 
the  spokes  which  connect  the  two  sides  of  the  latter  together,  as  shown  in 
the  section ;  and  when  they  reach  the  top,  their  contents  are  discharged 
into  a  trough.  [In  some  machines  the  trough  passes  under  one  rim  which 
is  made  to  project  for  that  purpose ;  in  others,  it  is  placed  below  the  wheel 
and  between  the  chains.]  There  are  in  the  upper  pit,  one  hundred  and 
thirty-eight  pots  and  the  distance  from  each  other  is  about  two  feet  seven 
inches.  Tlie  contents  of  each  are  twenty  cubic  inches.  The  wheels  that 
carry  the  chains  are  six  feet  and  a  half  in  diameter.  They  are  put  in  mo- 
tion by  cog  wheels  (on  the  opposite  end  of  their  axles)  working  into  oth- 
ers that  are  attached  to  the  perpendicular  shafts  to  which  the  blindfolded 
animaU  are  yoked. 

The  chain  of  pots  in  Egypt  is  named  the  Sakia,  Its  superiority  over 
the  noria  and  tympanum,  &c.  in  being  adapted  to  raise  water  from  every 
depth,  has  caused  it  to  be  more  extensively  employed  for  artificial  irriga- 
tion than  any  other  Egyptian  machine — ^hence  it  is  to  be  seen  in  operation, 
all  along  the  borders  of  the  Nile,  from  its  mouth  up  to  the  first  cataract. 
In  Upper  Egypt,  and  Nubia,  they  are  so  exceedingly  numerous  as  to  oc- 
cur every  hundred  yards  ;  and  in  some  cases  they  are  not  forty  yards  apart. 
Their  numbers  and  utility  have  rendered  them  a  source  of  revenue,  for  we 
are  informed  that  each  sakia  is  taxed  twenty  dollars  per  annum,  while  the 
swape  is  assessed  at  half  that  amount.  They  are  also  common  in  Abys- 
sinia. They  wei'e  noticed  there  by  Poncet  ifi  1698.  When  Sandys  was 
in  Egypt,  A.  D.  1611,  the  great  number  of  sakias  did  not  escape  his 
observation :  "  Upon  the  banks  all  along  are  infinite  numbers  of  deepe 
and  spacious  vaults  into  which  they  doe  let  the  river,  drawing  up  the  wa- 
ter into  higher  cesterns,  with  wheeles  set  round  with  pitchers,  and  turned 
about  by  buffaloes."     Ti^ivels,  page  118. 

An  attempt  was  made  some  years  ago  by  an  enterptising  European  to 
supersede  the  employment  of  these  machines  in  Egypt,  which  on  account 
of  the  interesting  circumstances  connected  with  it  may  here  be  noticed. 
In  the  latter  part  of  the  last  century  an  intelligent  young  man  of  Padua 
was  designed  by  his  parents  for  a  monk,  and  was  sent  to  Rome  to  receive 
an  appropriate  education.  His  inclination  however  led  him  to  prefer  the 
study  of  natural  philosophy  to  that  of  theology,  and  particularly  hydrau- 
lics. Upon  the  invasion  of  Italy  and  capture  of  Rome  by  the  French,  he 
wandered  over  various  parts  of  Europe,  supporting  himself  by  p'iblicly  per* 
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forming  TeaU  of  a^lity  uid  airength,  and  by  scientific  exfaibitiona.  Afler 
roving  thus  for  Rfteen  years,  he  determined  to  visit  Egypt,  under  the  belief 
that  be  would  make  his  fortune  there  by  introd'-'''T;g  roacbinery  on  the  prin- 
ciple of  the  pump,  as  substitutes  for  the  noria  and  chain  of  pots,  &c.  In 
June  1815,  ne  landed  at  Alexandria,  aiid  afi«r  some  Jelay  was  introdu- 
ced to  Mahommed  Alt,  (the  present  Fasha,)  who  approved  of  his  project, 
ard  in  whose  gardena  at  Soubra,  three  miles  from  Cairo,  he  constructed 
h<B  machine.  But  no  sooner  was  it  comp'eted  and  put  in  operaiioyi  than 
he  discovered  in  the  Turkish  and  Arabic  cultivators  an  unconquerable  op- 
position  to  its  introduction.  Indeed  [his  result  might  have  been  anticip^ 
tod  and,  if  we  are  not  mistaken,  they  were  ria;ht  in  preferring  their  own 
simple  apparatus  to  an  elaborate  machine,  of  the  principle  of  whose  action 
tbey  were  utterly  ignorant.  Their  rejection  of  it  was  looked  upon  as  an- 
other example  of  superstitious  adherence  to  the  im[)erfect  mechanism  of 
former  aees ;  but  under  all  the  circumstances,  it  was,  we  believe,  an  evi- 
dence ot  the  correctness  of  their  judgment.  Thus  disappointed,  his 
brightest  hopes  blasted,  and  his  pecuniary  resources  all  but  exhausted — 
for  he  received  no  renumeration,  either  for  the  loss  of  his  time  or  his 
money — he,  with  an  energy  of  character  deserving  all  praise,  determined 
to  make  the  best  of  his  misfortunes.  Me  therefore  turned  his  aiieniion 
■to  (hat  subject  which  necessarily  occurs  to  every  intelligent  stranger  in 
Egypt — its  atUiqaitie* — and  while  the  British  Museum  remains,  and  the 
colossal  head  of  you;ig  Memnon  is  preserved,  the  name  of  Belzoni  will 
be  remembered  and  reMiected. 

From  tne  following  description  of  the  chain  of  pots  by  Vitruvius,  it  ap- 
pears thai  the  Romans  made  it  of  more 
durable  materials  than  either  the  an- 
r.  cient  or  modern  people  of  Asia.  "  But 
1  if  a  place  of  still  greater  height  (than 
could  be  reached  by  the  noria)  is  to  be 
supplied;  on  the  same  axis  of  a  wheel, 
a  ilotthU  chain  of  iron  ia  wound  and  let 
down  to  the  level  of  the  bottom  ;  hav- 
ing brau  bvckets,  each  containing  a 
congiua  (seven  pints)  hanging  thereto, 
so  that  upon  the  turning  of  the  wheel, 
the  chain  revolving  round  the  axis 
)  the   buckets  to  the  top;    which 
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are  left  open  at  the  top,  and  both  witb 
"  and  without  projecting  lips  in  front,  by 
which  to  shoot  the  contents  over  ihs 
edge  of  the  reservoir  as  they  pass  lh« 
wheel  or  drum.  Others  are  closed, 
r  short  tube   as   t 


presented.     (No.  53.)     From  the  separate  figure  of,  one  of  the  vessels 
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will  be  seen  that  the  tubes  are  placed  at  the  upper  corner,  and  consequent- 
1y  retain  the  water  till  the  vessels  ascend  the  drum,  when  it  is  discharged 
as  represented.  Provi:)ion  should  be  made  for  the  escape  of  air  from 
these  vessels,  as  they  enter  the  water,  and  also  for  its  admission  on  the 
discharge  of  the  liquid  above.  The  wheel  or  drum  which  carries  the 
chain  is,  in  this  figure,  solid,  and  cut  into  a  hexagonal  form  to  prevent  it 
from  slipping. 

There  is  also  in  old  authors  a  great  diversity  in  the  construction  of  the 
chams,  and  also  in  their  number.  Some  understand  by  the  term  '  double 
chain*  merely  a  simple  one  doubled  and  its  ends  united ;  i.  e.  one  whose 
length  is  equal  to  double  the  space  through  which  the  water  is  to  be  ele- 
vated by  it.  Others  suppose  two  separate  ones  intended  and  placed  par- 
allel to  each  other,  the  vessels  being  connected  to  them  as  in  the  figure. 
Others  ag^,  and  among  them  Barbaro,  figure  two  sets  of  chains  and  pots 
carried  by  the  same  wheel.  He  has  also  made  them  pass  under  pulleys 
in  the  water,  a  useless  device,  except  when  the  chains  are  employed  in  an 
inclined  position. 

The  chain  of  pots  is  mentioned  by  most  oriental  travelers,  although  de- 
scribed by  few.  In  Terry**  voyage  to  India  in  1615,  speaking  of  the 
tanks  and  wells  of  the  Hindoos,  te  observes,  "  they  usually  cover  thos^ 
wells  with  a  building  over  head,  and  with  oxen  draw  water  out  of  their,' 
which  riseth  up  in  many  small  buckets,  whereof  some  are  always  going 
down,  others  continually  coming  up  and  emptying  themselves  in  troughs 
or  little  rills,  made  to  receive  and  convey  the  water,  whither  tliey  please," 
p,  187.  To  the  same  machine  Fryer  refers,  when  speaking  of  the  differ- 
ent mcdes  of  raising  water  from  deep  todh.  It  is  drawn  up,  he  says,  by 
oxen  "  with  huge  leathern  buckets  or  pots  around  a  wheel."  p.  410. 
And  again  at  Surat,  it  is  drawn  up  "  in  leathern  bags  upon  wheels."  p. 
104.  Had  not  welf>s  been  mentioned  in  connection  with  these  extracts 
from  Fryer,  we  might  have  supposed  it  was  the  noria  to  which  he  alluded. 
Tavernier  mentions  it  in  the  same  way  as  applied  to  draw  water  from 
wells  in  Persia,  p.  143.  When  required  to  raise  it  from  rivers,  they 
were,  as  in  the  case  of  the  Persian  wheels  on  the  Orontes,  propelled  by 
the  current  when  it  was  sufficiently  rapid  for  the  purpose.  "  As  for  the 
Euphrates,  (observes  Tavernier,)  certain  it  is  that  the  great  number  of 
mills  built  upon  it,  to  convey  water  to  the  neighboring  grounds,  have  not 
only  rendered  it  unnavigablft,  but  made  it  very  dangerous."  Lucan  in 
the  3d  book  of  his  Pharsalia  alludes  to  this  extensive  diversion  of  the  wa- 
ter for  agricultural  purposes,  in  his  time. 

Bat  soon  Euphrates*  parting  waves  divide, 
Covering,  like  fruitfal  Nile,  the  country  wide. 

These  mills  are  probably  similar  to  those  referrei  to  by  Montanus  in 
his  account  of  Japan^  p.  296.     The  city  of  Jonda,  tie  observes  was  de 
fended  by  a  strong  castle,  which  was  "  continually  supplied  with  fresh 
water  by  two  mills."     It  is  a  pity  they  were  not  described. 

The  chain  of  pots  was  used  by  all  the  celebrated  nations  of  antiqiiity 
and  it  still  is  employed  more  or  less  over  all  Asia  and  Europe.  Previous 
to  the  16th  century,  it  constituted  the  *  water  works*  for  supplying  Europe- 
an cities,  and  was  often  driven  by  windmills-— as  it  still  is  in  Holland.  It 
seems  to  be  the  ne  plus  ultra  of  hydraulic  engines  among  half  civilized 
nations,  while  those  only  which  are  enlightened,  have  the  pump.  Even 
the  materials  of  which  it  was  made  by  different  people  of  old,  may  be 
considered  as  emblematical  of  their  national  characters.  The  inhabitants 
of  Egypt,  central  and  southern  Asia,  employed  light  and  fragile  materials ; 
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the  ropei  were  fibres  of  the  palm  tree,  and  the  vessels  of  earthenware ; 
while  the  Romans  roade  the  chains  of  iron  and  the  vessels  of  braaa.  The 
former  people  were  soft,  effeminate,  and  easily  aabdned;  the  latter  uem 
and  inflexible— on  iron  race. 

It  is  described  by  Agricolaaa  employed  in  the  German  mines.  De  Re 
Metallica,  pp.  131,  13S,  133.  The  ;:Wns  and  vessels  are  represented 
of  various  forms,  and  the  latter  both  of  iron  and  wood,  and  propelled  by 
tread  and  water  wheels.*  In  Besscn'a  '  Theatre,'  A.  D.  1579,  it  is  figured 
as  worked  by  a  pendulum  and  co^  wheels — the  teeth  being  cunonued 
over  half  the  peripheries  OTily.* 

In  Spain  it  has  remained  in  cortinual  use  since  the  conquest  and  occu- 
pation of  that  country  by  the  Rdir.Biis ;  and  was  perhaps  previously  intro- 
duced by  the  Pheniciaiu.  a  people,  to  whom  Spain  was  early  indebted 
for  many  valuable  Hcquiaitions,  It  was  employed  there  by  the  Moors  in  the 
middle  ages,  under  whom  the  inhabitants  enjoye  '  ' 
and  civilization  unexampled  during  any  subseque 
ry.  The  arts  and  manufactures  were  carried  to  great  perfection,  so  much 
so,  that  in  the  twelfth  century,  while  the  rest  of  Europe  was  in  compora- 
rive  barbarism,  the  tissues  of  Grenada  and  Andalusia  were  highly  prized 
at  Constantinople,  and  throughout  the  eastern  empire.  To  the  Moors  of 
Sptun,  Europe  was  greatly  iiuiebted  for  the  introduction  and  dissemination 
of  many  of  the  arts  of  the  east ;  among  others  they  introduced  the  Asiatic 
system  of  agriculture,  u'ith  its  inse parable  adjunct  artt^cia^  irrigatitm.  We 
are  told  they  divided  the  lands  into  small  Gelds,  which  were  kept  cotistontly 
under  tiUof^  ;  and  "  they  conveyed  water  to  the  hif^hest  and  driest  spots  " 
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The  chain  of  pots  in  Spain,  is  in  the  form  and  material  of  its  vesselj 

•  The  De  Re  '  Meullica'  of  George  Anicola  u  inviluible  Tor  ita  accounl  of  the  hj- 
dranllc  eiiKinea  employed  In  the  mineii  o?  Germany  In  the  16lh  and  preceding  cenni 
riea  ;  being  doubtlesa  eiuiilar  to  ihoae  uaed  by  the  Romant  in  some  of  Ihe  mats  iniaes. 
■nd  conlinued  uiiinlernipledJf  in  uae.  The  firat  edition  nf  thia  work  wax  pubJiahed  in 
154G,  oDicn  in  I556— 1558— 1561— 1621— and  1657,  all  at  Basil.  Brunei's  'Manual 
Du  l.iliraireet  DeL'AmnteurdeLivrea,'  Parle,  1820.  Itiea  copy  of"  the  laK  edition 
ire  niako  uae  of.    The  author  nu  born  in  1494.  and  died  in  1555. 

*  See  atso  Kircfaer'a  Hundoi  Sublemneoi.    Tom.  ii.  pp.  1%,  d28. 
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and  the  imperfect  substitutes  for  cog  wheels,  identical  with  those  of  Egypt 
and  Asia,  and  may  be  considered  a  fair  representative  of  this  machine  as 
naed  in  the  agricultural  districts  of  the  ancient  world. 

No.  55 f  represents  a  section  of  a  mod- 
ern machine.  The  wheel  is  placed  in  or 
over  I.  cistern  designed  to  receive  the  wa- 
ter. Buckets  are  secured  to  the  chain  be- 
tM"een  th&  joints  of  the  latter,  and  the 
wVice'i  r^  *t  ;*evolves,  receives  the  cen- 
t.*e  of  thes?.  joints  on  the  ends  of  its 
arms,  which  are  suitably  shaped  for  the 
purpose.  The  buckets  therefore  fall  in 
between  the  arms  of  the  wheel  and  be- 
come inverted  in  passing  over  it  as  in 
the  figure. 
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The  chain  of  pots  has  been  applied 
to  a  great  variety  of  purposes.  It  has 
been  employed  for  ages,  in  deafuing 
docl^f  deepening  harborSy  &c.  The 
vessels  being  made  of  iron  and  formed 
like  wide  scoops,  are  made  to  pass  un- 
der pulleys  attached  to  the  bottom  of  a 
moveable  frame,  which  is  raised  and 
lowered,  to  suit  the  varying  depth  of 
Ae  channel  Besson  also  proposed  it 
to  raise  mortar ^  &c.  to  the  top  of  city 
walls,  fortifications,  &c.  and  wherever 
large  quantities  were  required  ;  an  ap- 
plication of  it  that  is  worthy  of  the  notice  of  extensive  builders,  for  the 
time  consumed  and  exertion  expended  by  a  laborer,  in  ascending  a  long  lad- 
der or  flight  of  stairs  to  deposit  a  modern  hodful  of  mortar,  and  returning 
through  the  same  space,  is  hardly  consistent  with  the  spirit  of  economy 
and  useful  research  that  characterizes  the  age.  The  amount  of  force  con- 
sumed in  bearing  his  own  body  ttoice  over  the  space,  independently  of  the 
load,  would  in  a  well  regulatea  device  of  this  kmd  produce  an  equal  re- 
sult. Oliver  Evans  introduced  the  chain  of  pots  into  his  mills,  for  the  pur- 
pose of  transmitting  flour  and  grain  to  the  different  floors. 

It  has  been  adopted  as  a  substitute  for  water  wheels.  As  the  noria, 
when  its  motion  is  reversed  by  the  admiss!on  of  water  into  its  buckets  at 
the  upper  part  of  the  periphery,  is  converted  into  an  overshot  wheel — so 
the  chain  of  pots,  has  in  a  similar  manner,  been  made  to'  transmit  power 
and  communicate  motion  to  other  machines.  In  locations  where  there  is 
a  small  supply  of  watei ,  but  which  falls  from  a  considerable  height,  it  be- 
comes a  valuable  substitute  for  the  overshot  wheel,  as  a  flrst  mover.  It 
is  remarkable  that  this  obvious  application  of  it  should  not  have  occurred 
to  European  mechanicians  previous  to  the  17th  century.  It  was  designed 
by  M.  Francini,  and  by  the  direction  of  Colbert^  the  illustrious  and  pa- 
triotic minister  of  Louis  XIV,  one  was  erected  in  1668,  in  one  of  the  pub- 
lic gardens  at  Paris.  A  natural  spring  in  this  garden  supplied  water  for 
the  plants.  It  was  received  into  a  large  basin,  and  to  prevent  its  over- 
flowing, the  surplus  or  waste  water  was  discharged  by  a  gutter  into  a  well, 
at  the  bottom  of  which  it  disappeared  in  the  soil.  M.  Francini  took  ad- 
vantage of  this  fall  of  waste  water  in  the  well,  and  made  it  the  means  of 
raising  a  portion  of  the  spr  ng  water  sufficiently  high  to  form  a  jet  d*eau 
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He  erected  «  chun  of  pots,  E,  B,  No.  S6,  which  reached  from  the  bot- 
tom of  the  well  to  such  &  height  above   its  mouth  as  the  water  to  form 
the  jet  was  required  to  be  raised.  From  the  upper  wheel  or  drum,  anather 
~  ■  chain  of  poa,  D,  C,  was  suspended 

and  »^Tiei  round  by  it,  the  lower  end 
dipplnz  into  the  water  to  be  raised 
from  tne  spring  A.  By  this  arrange- 
ment the  weight  of  the  water  in  d^- 
tcending  the  well  in  the  buckets  of 
the  first  chain,  raised  s  smaller  portion 
(aUowing  for  friction)  through  the 
same  space  by  the  second  one — and  & 
proportionable  ouantity  still  higher, 
A  spout  conveyed  'jis  water  into  the 
buckets  of  the  driving  or  motiTe  chain 
as  shown  at  B.  ■  Tle^e  buckets  wen 
made  of  brass,  i^a  wide  at  th-;  top, 
the  better  to  r!:;eive  water  from  the 
spring;  and£^>Jiat  when  one  was 
filled,  the  sm->'is  might  foil  down  its 
sides  into  die  next  one  below,  and 
from  that  to  tha  third  one,  and  so  on 
that  none  might  be  lost  by  spilling 
over.  The  buckets  of  the  other  chsin 
were  of  the  same  form  and  msterisl, 
but  instead  of  being  open  like  the  for- 
mer, they  were  closed  on  all  siiiei^ 
the  water  being  received  into  them  at 
A,  and  discharged  from  them  at  ni, 
through  short  necks  or  mbes,  e,  t, 
which  are  upwards  when  the  buckets 
Na.  X.   Fruciui'i  MkUi^  ascend,  being  connected  to  the  smaller 

part  of  the  latter.  A  pipe  from  the 
jpper  cistern  m,  conveyed  the  water  to  form  the  jet.  The  arrow  indi- 
cates the  direction  in  which  both  chains  move.  The  vessels  on  the  chain 
E,  B,ifZouB.  descending  into  the  well,  (the  bottom  of  which  is  not  shown,) 
fiill — while  those  shown  at  D,  C,  are  empty. 

The  nhain  of  Pols  has  been  employed  to  work  pumps  in  mines,  to  pro- 
pel thrashing  machines,  &c.  Ac.* 

There  is  much  confusion  in  the  notices  of  the  chun  of  pots  by  ancient 
a'lthors,  from  their  referring  to  it  without  discrimination  as  a  *  vmed,'  and 
thus  confounding  it  with  the  tympanum  and  noria,  and  that  modification 
of  the  'alter,  known  as  the  Persian  wheel.  From  the  circumstance  of 
i'a  having  been  propelled  in  the  same  manner  as  these,  viz  :  by  oxen  in 
tfie  usual  way,  (through  the  medium  of  cog  wheels,)  or  by  men  walking 
upon  or  within  a  wheel,  &n.  it  has  from  custom,  inadvertence,  or  from  a 
superficial  knowledge  of  its  distincdve  features,  been  classed  with  them. 
It  was  of  it  that  Strabo  spoke,  "  which  by  wheels  and  pulleys  raised  the 
water  cf  the  Nile  to  the  top  of  a  very  high  hill ;  and  which,  instead  of 
being  •noved  by  oxen,  was  propelled  by  one  hundred  and  fi^  slaves." 
And   when  Julius  Csesar  was  beseiged  in   Alexandria  by  the  EgypUans, 

Vul.  i,  of  machinet  ■pprovcd  1 
Edinbursb  Eacyc.  Vol.  i,  896. 
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the  chain  of  pots  was  included  among  the  "  wheels  and  other  engines," 
by  which  the  latter  raised  water  from  the  sea  and  discharged  it  into  the 
cisterns  that  supplied  Caesar's  army  with  fresh  water.  It  was  most  like- 
ly among  the  **  hydraulic  engines,"  which  Herodotus  observes  the  Baby- 
lonians had,  to  raise  water  from  the  Euj>hrates  to  irrigate  their  lands. 
These  *  engines'  were  certainly  similar  to  tliose  of  India,  Egypt,  Greece, 
and  other  neighboring  countries ;  for  if  they  had  been  of  novel  construc- 
tion, or  peculiai*  to  Chaldea,  he  would  scarcely  have  failed  .to  notice  so 
important  a  fact,  if  he  even  omitted  (as  he  has)  to  describe  them. 

The  same  lack  of  discrimination  is  obvious  in  almost  all  the  accounts 
of  modern  as  of  ancient  authors,  respecting  this  machine.  When  they 
speak  of  wheels  for  raising  water,  it  is  as  difHcult  to  ascertain  those  to 
which  they  allude,  as  it  is  in  the  parallel  passage^  of  Philo  and  Diodorus, 
Strabo  and  Csesar.  Thus  Taremier  in  his  passage  down  the  Tigris  to 
Bagdat,  remarks,  "  all  the  day  long,  we  saw  nothing  upon  either  side  of 
the  river,  but  pitiful  huts,  made  of  the  branches  of  palm  trees,  where  live 
certain  poor  people  that  turn  the  whceU,  by  means  whereof  they  water 
the  neighboring  ground.**  Sometimes  tlie  chain  of  pots  is  mentioned  by 
travelers  as  the  Persian  wheels  and  popular  extracts  from  their  works 
tend  greatly  to  perplex  enquirers  into  its  history.  When  we  met  with 
statements  from  Shaw's  travels,  that  the  Persian  wheel  was  extensivel;y 
used  on  the  banks  of  the  Nile,  through  all  Egypt,  they  were  so  much  at 
variance  with  the  testimony  of  other  oriental  travelers,  jjnd  so  foreign  to 
our  impressions  respecting  the  use  of  that  machine  in  Ey^pt,  that  we  had 
immediate  reference  to  his  work;  when  the  apparent  discrepancy  was 
explained.  He  describes  and  figures  the  chain  of  pots  (sakia)  as  tho 
Persian  whed.^  Norden  commits  the  same  error  :  "  they  likewise  employ 
the  Persian  wheel  with  ropes  of  pitchers,  which  is  turned  by  oxen."*» 
Twiss  also  describes  the  Spanish  chain  of  pots  as  the  Persian  wheel,  and 
which  he  observes  is  used  '*  all  over  Portugal,  Spain,  and  the  Levar.t."'^ 

Other  travelers  speak  of  it  as  the  Naria,  Mr.  Jacob,  in  his  "  Tra- 
vels in  the  South  of  Spain,"  Lon.  1811,  page  152,  says  the  Spaniards  "  use 
a  mill  of  Arabic  origin,  from  which  our  chain  pump  is  evidently  derived  ; 
it  is  called  a  noria.  A  vertical  wheel  over  a  well  has  a  series  of  earthen 
jars  fastened  togethc  by  cords  of  Esparto,  which  descend  into  the  water 
and  fill  themselves  by  the  motion  of  the  wheel.  The  vertical  wheel 
is  put  in  motion  by  a  liorizontal  one,  which  is  turned  by  a  cow.  No 
machine  can  be  more  simple."  In  the  Grande  Description  of  Egypt, 
it  is  designated  *  Roue  a  'potSy^  instead  of  naming  it  from  the  chain, 
its  peculiar  and  distinguishing  feature.  It  certainly  has  nothing  in  com- 
mon with  the  noria,  except  the  pots  or  vessels  in  which  the  water  is  raised ; 
and  these  in  the  latter,  are  suspended  from  the  arms  of  inflexible  levers, 
and  ascend  in  die  arc  of  a  circle  ;  while  in  both  these  circumstances,  and 
others  might  be  named,  there  is  no  resemblance  whatever  between  them. 
The  chain  of  pots  is  generally  named  by  French  authors,  *  Chapeht^*  from 
its  resemblance  to  the  string  of  beads,  which  Roman  catholics,  Mahome- 
tans, Budhists,  &c.  (like  the  Pagans  of  old)  use  in  repeating  their  prayers. 
This  appellation  is  sufficiently  discriminatmg,  and  Is  appropriate  ;  certainly 
more  so  than  Bxme  a  pots^  since  it  serves  to  separate  this  machine  from 
every  species  of  wheels^  and  to  preserve  a  distinction  between  two  very 
diiferent  classes  of  hydraulic  engines. 

The  chain  of  pots  seems  always  to  have  been  used  to  raise  water  from 

•  Travels,  tyage  337.    ^  Travels  in  Eifypt  and  Nubia,  Vol.  i,  56. 

« Traveld  through  Portugal  and  Spain  in  1772,  and  '73.    Lon.  1780,  page  329 
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Joseph's  well.  If  the  location  of  this  well,  its  peculiar  construction,  dl« 
vision  into  two  distinct  shafts,  the  chamber  between  them  for  the  animals 
which  propel  the  machinery,  the  passage  fur  their  ascent  and  descent,  and 
its  enormous  depth,  be  maturely  considered,  it  will  appear,  we  think,  that 
no  other  machine  could  at  any  time  have  been  used,  or  intended  by  its  con- 
structors to  have  been  used  in  raising  its  water ;  if  therefore  this  celebra* 
ted  well  be,  as  supposed,  a  work  of  the  ancient  Egyptians,  or  a  relic  of 
Babylon,  then  the  endless  chain  of  pots  may  safely  be  regarded  as  coeval 
with  the  foundation  of  that  ancient  city,  if  not,  as  it  probably  is,  much 
moru  ancient. 

It  was  probably  the  '  pump,'  which  according  to  tradition,  Danaus 
inti-oJuced  into  Greece,  a  thousand  years  before  the  building  of  Babylon 
by  tlie  Persians.  During  tlie  time  the  Israelites  were  in  Egypt,  this 
prince,  in  consequence  of  domestic  quarrels,  left  it  with  his  family  and 
friends,  and  sailed  for  Greece.  They  landed  on  the  coast  of  Peloponessus 
or  the  Morea,  and  were  hospitably  entertained  at  Argos,  where  they  set- 
tled. It  is  said,  the  Greeks  did  not  at  that  time  possess  the  knowledge  of 
obtaining  water  from  wells ;  the  companions  of  Danaus  having  been  the 
first  to  dig  them,  and  to  introduce  pumps.  Pliny  vii.  56.  If  the  inhabit- 
ants of  Greece  were  ignorant  of  wells,  previous  to  the  arrival  of  these 
strangers,  they  could  certainly  have  had  no  occasion  for  pumps ;  and  it 
was  natural  for  the  Egyptians,  when  they  dug  wells,  to  introduce  their 
own  country  methods  of  obtaining  water  from  them. 

As  the  word  '  pumps,'  is  not  however  to  be  understood  in  the  restricted 
sense  in  which  it  is  at  present  used,  the  question  occurs,  what  kind  of  ma- 
chines were  thes^  \  1.  They  must  have  been  simple  in  their  construction, 
for  otherwise  they  would  have  been  ill  adapted  to  a  rude  and  uncultivated 
people,  and  such  the  Greeks  were  while  ignorant  of  wells.  2.  They 
must  have  been  of  general  application  to  the  toelU  of  Greece.  3.  They 
were  such  as,  from  their  great  utility,  were  continued  in  use  through  sub- 
sequent ages,  for  they  were  highly  prized,  and  the  memory  of  their  intro- 
duction preserved.  4.  They  were  such  as  were  previously  used  in  Egypt. 
Now,  of  all  ancient  devices  for  raising  water,  to  which  the  term  *  pump* 
could  with  any  propriety  be  spplie«l,  the  chain  of  pots  is  the  only  one  that 
fulfils  the  conditions  premised.  It  is  evident  that  the  jantu  and  its  modi- 
fications are  wholly  inapplicable  to  raise  water  from  wells ;  and  the  tyTn- 
panum  and  naria  are  equally  so.  The  stcape  is  not  adapted  to  d^  wells 
and  those  of  Greece  were  generally  such  :  yet  as  it  is  admirably  adapted 
to  raise  water  from  small  depths,  and  was  so  used  by  the  ancient  Greeks ; 
it  is  probable  that  it  was  also  introduced  by  Danaus  ;  as  we  know  that  it 
was  in  common  use  in  Egypt,  in  his  time.  (See  figures  36  and  43.)  It 
must  however  have  been  of  extremely  limited  application  to  wells  on  ac- 
count of  their  depth.  (See  page  38.)  The  modem  inhabitants  of  Egypt 
raise  water  with  it  only  about  seven  feet ;  and  from  the  figures  just  referred 
to,  it  is  obvious  that  in  the  time  of  Danaus.  it  was  raised  no  higher  by  it. 
but  if  its  application  was  even  extended  in  Greece,  to  elevate  water  from 
twice  that  aeptb,  its  employment  :n  wells  must  have  been  comparatively 
trifling. 

It  could  not  have  been  the  chain  pump,  for  it  does  not  appear,  that 
eitiier  the  Greeks  or  Romans  were  acquainted  with  that  machine.  Vi- 
truvius  IS  silent  respecting  it.  Nor  can  we  suppose  any  thing  like  the 
atmospJteric  or  forcing  pump  intended — even,  if^  it  could  be  proved  that 
both  were  then  known.  They  are  too  complex  to  have  been  at  all  suited 
fo  the  Greeks  at  that  remote  age.  Indeed  they  are  altogether  worthless 
to  a  rude  people,  who  would  be  unable  to  keep  them  in  order,  or  to  detect 
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the  caaaes  of  their  ceasing  to  act.  But  that  the  '  pumps'  of  Danaus  wt;re 
aome  kind  of  bucket  machines,  like  the  chain  of  pots,  is  inferable  from 
the  account  of  his  daughters'  punishment.  They  were  condemned  to  draw 
water  from  deep  wells,  and  would  of  course,  use  the  machines  their  fa 
ther  introduced.  Now  we  are  told  that  the  vessels  in  which  they  raised 
the  liquid  leaked  so  much,  that  the  water  escaped  from  them  ere  it  reach- 
ed the  surface — hence  their  endless  punishment.  The  witty  remark  of 
Bion  implies  the  same  thing.  A  person  speaking  of  the  severe  punish- 
ment of  these  young  women,  in  perpetually  drawing  water  in  vessels  ful] 
of  holes,  he  remarked,  "  I  shoula  consider  them  much  more  to  be  pitied 
were  they  condemned  to  draw  water  in  vessels  without  holes."  Hence, 
we  infer  that  the  Egyptian  sakia  or  chain  of  pots,  was  the  '  pump'  in- 
troduced by  Danaus,  and  that  to  it  tradition  refers.  It  was  the  anly  one 
to  which,  from  its  construction,  and  adaptation  to  every  depth,  the  name 
of  '  pump'  could  have  been  applied — while  from  its  simplicity  and  effi- 
ciency, it  was  a  gift  of  no  ordinary  value  to  the  Greeks ;  and  the  introduc- 
tion of  it  into  their  country  was  worthy  of  being  preserved  from  oblivion. 

It  is  believed  to  have  been  in  uninterrupted  use  there  since  the  age  of 
Danaus ;  although  history  may  not  have  preserved  any  record  or  repre- 
sentation of  so  early  an  employment  of  it.  It  is  still  used  on  the  conti- 
nent and  in  the  islands,  as  well  as  throughout  Syria  and  Asia  Minor.  At 
Smyrna  it  is  as  common  as  a  pump  with  us.  In  *'  Voyage  Pittoresque  de 
la  Grece,"  Paris,  1782,  Plate  49,  contains  a  drawing,  and  page  9  a 
description  of  one  in  a  garden  at  Scio,  the  ancient  Chios,  and  capital  city 
of  the  island  of  the  same  'name.  It  is  similar  to  the  one  represented  in 
No.  54,  and  is  doubtless  identical  with  those  employed  in  the  same  cities, 
when  Homer  was  bom  near  the  former,  and  wnen  he  kept  a  school  in 
the  latter. 

On  the  antiquity  of  this  and  preceding  machines,  we  add  the  opinions  of 
recent  writers.  *'  A  traveler  standing  on  the  ed^e  of  either  the  Libyan  or 
Arabian  desert,  and  overlooking  Egypt,  would  behold  before  him  one  of 
the  most  magnificent  prospects  ever  presented  to  human  eyes.  He  would 
survey  a  deep  valley,  bright  with  ve^^etation,  and  teeming  with  a  depres- 
sed but  laborious  population  engaged  in  the  various  labors  of  agriculture. 
He  would  see  opposite  to  him  another  eternal  rampart,  which,  with  the 
one  he  stands  upon,  shuts  in  this  valley,  and  between  them  a  mighty  river, 
flowing  in  a  winding  course  from  the  foot  of  one  chain  to  the  other,  fur- 
nishing lateral  canals,  whence  the  water  is  elevated  by  wheels  and  buck- 
ets of  the  rudest  structures,  worked  sometimes  by  men  and  sometimes  by 
cattle,  and  no  doubt  identical  with  the  process  in  use  in  the  days  of  Sesos- 
tris"'^  "  These  methods"  (o£  raising  water  to  irrigate  the  land,)  "  are  not 
the  invention  of  the  modern  Egyptians,  but  have  been  used  from  time  im- 
memorial without  receiving  the  smallest  improvement,^*^  "  Even  the  creak- 
ing sound  of  the  water  wheels^  as  the  blindfolded  oxen  went  round  and 
rouiKJI,  and  of  the  tiny  cascades  splashing  from  the  string  of  earthen  pots 
into  the  trough  which  received  and  distributed  the  water  to  the  wooden 
canals ;  were  not  disagreeable  to  my  ears,  since  they  called  up  before  the 
imagination,  the  primitive  a^es  of  mankind,  the  rude  contrivances  of  the 
early  kings  of  Egypt,  for  the  advancement  of  agriculture,  which  have  tm- 
dergone  little  change  or  improvement  up  to  the  present  howry^ 

Like  every  other  machine  that  has  yet  been  named,  the  date  of  its  ori- 


'  North  American  Review,  Ian.  1839.    p.  185^.     ^  History  of  the  Operations  of  the 
Frerich  and  British  Armies  in  E^ypt    Newcastle  1809.    Vol.  i,  page  ^. 
•-  ^\.  John,  '*  Esypt  and  Mohammed  Ali."    Vol.  i,  10. 


132  Chain  of  PoU  refcrrtd  to  in  Ecclesuutes,  [Book  L 

g^n  is  unknown.  From  its  simplicity,  its  obvious  derivation  fromthe  prim- 
itive cord  and  bucket,  its  employment  over  all  Asia  and  Egypt  at  the 
present  time,  and  its  extensive  use  in  the  ancient  world ;  there  can  be  no 
question  of  rts  gi'eat  antiquity.  Vitruvius  is  alike  silent  respecting  the 
origin  of  this,  as  of  *.he  noria  and  tympanum,  and  doubtless  for  the  same 
reason — ^their  origin  extended  too  far  into  the  abyss  of  past  ages  to  be  dis- 
covered. It  is  singular  that  the  ancients,  who  attributed  almost  every 
agricultural  and  domestic  implement  to  one  or  other  of  their  deities,  should 
not  have  derived  the  equally  important  machines  for  raising  v^ater  from  a 
similar  source.  The  origin  of  the  platf^h  they  gave  to  Osiris,  of  the  harrom 
to  Occator,  the  rake  to  Sarritor,  the  scyOie  to  Saturn,  the  sickle  to  Ceres, 
the  flail  to  Triptolemus,  &c.;  and  as  they  attributed  the  art  of  maimring 
ground  to  a  god,  they  surely  ought  to  1  ave  given  the  invention  of  ma- 
chines to  irrigate  it  to  another. 

To  the  chain  of  pots,  there  is  an  allusion  in  the  beautiful  description  of 
the  decay  and  death  of  the  human  body,  in  the  12th  chapter  of  Ecclesi- 
astes :  "  Or  ever  the  silver  cord  be  loosed,  oi  the  golden  bowl  be  broken 
or  the  pi'chrr  be  broken  at  the  fountain,  oi  tht  wheel  broken  at  the  cis* 
tern."  In  the  east,  the  chain  is  almost  uniformly  made  of  cord  or  rope ; 
and  the  former  part  of  the  passage  appears  to  refer  to  the  ends,  which 
are  spliced  or  tied  together,  becoming  loosened,  when  the  vessels  would 
"lecessarily  be  broken,  for  the  whole  would  fall  to  the  bottom ;  an  occur- 
rence which  is  not  uncommon.  The  term  silver  cord,  is  expressive  of  itt 
jphif^enesSf  the  result  of  its  constant  exposure  to  water  and  the  bleaching 
effect  of  the  sun*s  rays  :  and  golden  bowl  refers  to  the  red  earthenware 
pots  or  vases,  in  which  the  water  is  raised.  Both  pots  and  cords  stream- 
mg  with  water,  and  glittering  in  the  sun,  presented  to  the  vivid  ir>iagina- 
tions  of  the  orientals,  striking  resemblances  to  burnished  gold  and  silver 
The  circulation  of  the  stream  of  life  in  man,  (his  blood)*  its  interruption 
in  disease  and  old  age,  his  energies  failing,  and  the  mechanism  of  his 
frame  wearing  out,  and  at  last  ceasing  forever  to  move;  are  forcibly  illus- 
trated by  the  endless  or  circulating  cord  of  this  machine;  its  raising  living 
waters  and  dispersing  them  through  various  channels,  as  so  many  streams 
of  life,  until  its  vessels,  the  pitchers,  become  broken,  and  the  flow  of  the 
stream  interrupted,  and  the  wheel,  upon  which  its  movements  depended, 
becoming  deranged,  broken,  and  destroyed. 

That  the  pots  or  vases  are  frequently  broken,  we  learn  from  numerous 
travelers.  In  the  account  of  Joseph's  well,  in  the  Grande  Descrijftion^  it 
is  said  to  be  necessary  for  a  man  to  be  in  constant  attendance,  to  keep  the 
animals  which  move  it  from  stopping,  and  to  rej}lace  the  pitclicrs  that  are 
broken.  And  that  the  wheels  were  often  deranged  is  more  than  pro- 
bable, when  we  consider  how  exceedingly  rude  and  imperfect  is  their 
construction  over  all  the  east.  The  surprise  of  travelers  has  often  been 
elicited  by  their  continuing  to  work  at  all,  while  exhibiting  every  symptom 
of  derangement  and  decay.  **  The  water  wheels,  pots,  ropes,  &c."  says 
Mr.  St.  John,  "  had  an  extremely  antique  and  dilapidated  appearance;  and, 
if  much  used,  would  undoubtedly  fall  to  pieces."**  We  are  told  that  a 
more  striking  picture  of  rude  and  imperfect  mechanism  could  scarcely  be 
conceived ;  and  it  is  not  improbable,  that  the  *  Egyptian  Wheel*  as  an  em- 
blem of  instahVity^  had  reference  to  its  defective  construction  and  con- 

^That  the  circulation  of  the  blood  was  known  to  the  ancients,  see  Diitens'  'Inqiiirf 
into  the  origin  of  the  discoveries  attrihiited  to  the  Modems  '    Lod  1769,  pp.  210  i^ 
^  Egypt  and  Mohammed  Aii.  i,  126, 127. 
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stant  liability  to  derangement,  as  much  bo  as  to  its  rotary  movement.  Nor 
is  it  likely  that  they  were  much  superior  at  any  time  in  Judea,  for  the 
Jews  never  cultivated  the  arts  to  any  extent.  The  mechanics  among 
them  when  they  left  ISgypt  were  probably  more  numerous  and  expert 
than  during  any  subsequent  period  of  their  history.  In  the  eleventh  cen- 
tury B.  C.  when  Saul  began  to  reign,  there  was  not  a  blacksmith  in  the 
land,  or  one  that  could  forge  iron ;  they  had  been  carried  off  by  the  Phi- 
listines; and  although  David  at  his  death  left  numerous  artificers,  when  his 
0on  built  the  temple  and  his  own  palace,  he  obtained  me<;hanics  from  Tyre. 
It  is  moreover  possible  that  the  plaints  and  meanings  incident  to  old 
age,  '  when  the  grasshopper  shall  be  a  burden  and  desire  shall  fail,'  w^ere 
also  intended  to  be  pointed  out  by  the  perpetual  creaking  of  these  rickety 
machines,  as  indicative  of  approaching  dissolution.  The  harsh  noise  they 
make  has  been  noticed  by  several  travelers.  St.  John  speaks  of  the  creak- 
ing sound  of  the  water  wheels  \  and  Stephens,  in  his  '  Incidents  of  Travel,' 
oblbrves,  *'  it  was  moonlight,  and  the  creaking  of  the  water  wheels  on 
the  banks,  (of  the  Nile)  sounded  like  the  moaning  spirit  of  an  ancient 
Egyptian" 


ON  THE  ENGINE  THAT  RAISED  WATER  FROM  THE  EUPHRATES  TO  SUPPLT  THE 

HANGING  GARDENS  AT  BABYLON. 

There  is  a  machine  noticed  by  ancient  authors,  which  probably  belongs 
to  this  part  of  our  subject,  and  it  is  by  far  die  most  interesting  hydraulic 
engine  mentioned  in  history.  Some  circumstances  connected  with  it,  are 
also  worthy  of  notice.  It  was  constructed  and  used  in  the  most  ancient 
and  most  splendid  city  of  the  postdiluvian  world ;  a  city  which  according 
to  tradition  existed  like  Joppa,  before  the  deluge:  viz.  Babylon — a  city 
generally  allowed  to  have  been  founded  by  the  builders  of  Babel;  subse> 
quently  enlarged  by  Nimrod;  extended  and  beautified  by  Semiramis; 
and  which  reached  its  acme  of  unrivaled  splendor  under  Nebuchadnezzar. 

The  engine  which  raised  the  water  of  the  Euphrates  to  the  top  of  the 
walls  of  this  city,  to  supply  the  pensile  or  hanging  gardens,  greatly  ex- 
ceeded in  the  perpendicular  height  to  which  the  water  was  elevated  by  it, 
the  most  famous  hydraulic  machinery  cf  modern  ages  ;  and  like  most  of 
'the  works  of  the  remote  ancients,  it  appears  to  have  bonie  the  impress  of 
those  mighty  intellects,  who  never  suffered  any  physical  impediment  to 
interfere  with  the  accomplishment  of  their  designs  ;  and  many  of  whose 
works  almost  induce  us  to  believe  that  men  '  were  giants  in  those  days.' 
The  walls  of  Babylon,  according  to  Herodotus,  i,  178,  were  350  feet  high! 
Diodorus  Siculus  and  others  make  them  much  less;  but  the  descriptions 
of  them  by  the  latter,  it  is  alleged,  were  applicable  only,  after  the  Per- 
sians under  Darius  Hystas[)es  retook  the  city  upon  its  revolt,  and  demo- 
lished, or  rather  reduced  their  height  to  about  50  cubits  ;  whereas  the  fa- 
ther of  history  gives  their  original  elevation,  and  incredible  as  it  may  ap- 
pear, his  statement  is  believed  to  be  correct.  He  is  the  oldest  author 
who  has  described  them;  and  he  visited  Babylon  within  one  hundred  and 
twenty  years  of  Nebuchadnezzar's  death;  and  four  hundred  before  Dio- 
dorus flourished.  He  has  recorded  the  impressions  which  at  that  time, 
the  city  made  on  his  mind,  in  the  following  words,  "  its  internal  beauty 
and  magnificence  exceed  whatever  has  come  within  my  knowledge;"  and 
Herodotus,  it  must  be  remembered,  was  well  acquainted  with  the  splen- 
did cities  of  Egypt  and  the  east.  Had  not  the  pyramids  of  Geezer,  the 
temples  and  tombs  of  Thebes  and  Karnac,  the  artificial  lake?  and  canals 
of  Egypt,  the  wall  of  China,  the  caves  of  Ellora  and  £lephanta«  &:c 
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come  down  to  oar  times;  deBcriptions  of  them  by  ancient  ati^liors,  would 
have  been  deemed  extravagant  or  fabulous,  and  their  dimensions  reduced 
to  asaimilate  them  with  the  works  of  modern  times:  so  strongly  are 
we  inclined  to  depreciate  the  labors  d£  the  ancients,  whenever  tbe^ 
greatly  excel  our  own.  According  to  Berosus,  who  is  quoted  by  Jose* 
plius,  Antiq.  x,  11,  it  was  Nebuchadnezzar  who  constructed  these  gardens, 
so  tliat  the  prophet  Daniel  must  have  witnessed  their  erection,  and  also 
that  of  the  hydraulic  engine ;  for  he  was  a  young  man  when  taken  a  cap- 
tive to  Babylon  in  the  beginning  of  Nebuchadnezzar's  reign,  and  he  con- 
tinued there  till  the  death  of  that  monarch  and  of  his  successor.  Amytis, 
the  wife  of  Nebuchadnezzar,  was  a  Mede,  and  as  Babylon  was  situated 
on  an  extensive  plain,  she  very  sensibly  felt  the  loss  of  the  hills  and 
woods  of  her  native  land.  To  supply  this  loss  in  some  degree,  these  fa 
mous  gardens,  in  which  large  forest  trees  were  cultivated,  were  con- 
structed. They  extended  in  terraces  formed  one  above  another  to  the 
top  of  the  city  walls,  and  to  supply  them  with  the  necessary  moisture, 
the  engine  in  question  was  erected.* 

As  no  account  of  the  nature  of  this  machine  has  been  preserved,  we 
are  left  to  conjecture  the  principle  upon  which  it  was  constructed,  from 
the  only  datum  afforded,  viz :  the  height  to  which  it  raised  the  water. 
We  can  easily  conceive  how  water  could  have  been  supplied  to  the  upper- 
most of  these  gardens  by  a  series  of  machines,  as  now  practised  in  the  east 
to  carry  water  over  the  highest  elevations — but  this  is  always  mentioned 
as  a  single  engine,  not  a  series  of  them.  Had  its  location  been  determin- 
ed, that  circumstance  alone,  would  have  aided  materially  in  the  investi 
gation  ;  but  we  do  not  certainly  know  whether  it  was  placed  on  the  highest 
terrace-^on  a  level  with  the  Euphrjites— or  at  some  intermediate  elevation. 
The  authors  of  the  Universal  History  remark,  "upon  the  uppermost  of^  these 
terraces  was  a  reservoir,  supplied  by  a  certain  engine,  from  whence  the 
gardens  on  the  other  terraces  were  supplied."  They  do  not  say  where  the 
engine  itself  was  located.  Roll  in  places  it  on  the  highest  part  of  the  gar 
dens  :  **  In  the  upper  terrace  there  was  an  engine  or  kind  of  pump  by 
which  the  water  was  drawn  up." 

I^he  statement  of  an  engine  having  been  erected  at  the  top  is  probably 
correct^  for  we  are  not  aware  that  the  ancients  at  that  penod  possessed 
aTiy  machine  which,  like  the  forcing  pump,  projected  water  above  itself. 
Ancient  machines,  (and  every  one  which  we  have  yet  examined,  is  an  ex- 
ariipte,)  did  not  raise  water  higher  than  their  own  level.  But  if  sucking 
and  forcing  pumps  were  then  known  and  used  in  Babylon,  a  period  howev- 
er, anterior  to  that  of  their  alleged  invention,  of  at  least  500  years,  still  if 
this  engine  was  placed  on  the  uppermost  terrace,  both  would  have  been 
wholly  inapplicable.  If  therefore  we  incline  to  the  opinion  that  this  en 
gine  was  a  modification  of  one  of  those  ancient  machines,  which  we  have 
already  examined ;  we  are  not  led  to  this  conclusion  by  supposing  the 
state  of  the  arts  in  Babylon  at  the  period  of  its  construction,  to  have 
been  too  crude  and  imperfect  to  admit  of  more  complex  or  philosophical 

*  Paintings  found  in  Pompeii,  repreMnt  Villas  of  two  stories  having  trees  planted  on 
tlieir  roofs.  These  kind  of  gardens  were  probably  not  very  uncommon  m  ancient 
tiiiieM  in  the  east,  though  none  j^erhaps  ever  equaled  those  of  Babylon.  They  have 
been  continued  to  modem  times  m  Asm.  Tavemier,  when  in  Bagnagar  ^the  modem 
Hyderabad)  the  capital  of  Golconda,  found  the  roofs  of  the  large  courts  of  the  palace 
terraced  and  containing  wardens,  in  which  were  trees  of  such  immense  size  **  tliat  it  is 
a  thing  of  great  wonder  now  those  arches  should  bear  so  vast  a  burden."  The  origin 
of  thcHc  and  of  the  city  was  similar  to  that  of  the  Babylonian  gardens.  The  King  at 
tlie  importunity  cf  Nagar,  one  of  his  wives,  founded  the  city  and  named  it  aAer  het 
Ragtuigar — ^i.  e,  **  the  gardemi  of  Nagar  " 
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ftpparatu»— *on  the  contrary,  we  know  that  the  Bahylonians  carried  many 
of  the  arts  to  the  highest  aegree  of  refinement.  **  They  were  great  con- 
trivers,'* in  this  respect,  and  **  fell  short  of  no  one  nation  under  the  sun, 
50  far  from  it,  that  they  in  a  great  measure  showed  the  way  to  every  na- 
tion besides."  Univer.  His.  Vol.  i,  933.  Besides,  it  is  certainly  more 
philosophical  to  suppose  this  famous  engine  to  have  been  a  modification 
of  some  machine,  which  we  have  reason  to  believe  was  used  in  Chaldea  at 
that  time,  and  capable  of  producing  the  results  ascribed  to  the  Babylonian 
engine,  than  of  any  otlier  of  which  that  people  possibly  knew  nothing. 

Of  all  ancient  machines,  the  chain  of  pots  was  certainly  the  best  adapt- 
ed for  the  purpose,  and  if  we  mistake  not,  the  only  one  that  could,  with 
any  regard  to  permanency  and  efieci,  Save  been  adopted.  It  stands,  and 
justly  so,  at  the  head  of  all  ancient  engine^  for  raising  water  through  great 
elevations ;  and  it 'may  be  doubted  whetlier  any  machine  could  now  be 
produced  better  adapted  for  the  hanging  gardens  of  Babylon — either  in  the 
economy  and  simplicity  of  its  construction  ;  durability  and  effect ;  or  be 
less  liable  to  derangement,  less  expensive,  or  less  di^cult  for  ordinary 
people  to  repair.  The  project  of  raising  water  through  a  perpendicular 
elevation,  exceeding  three  hundred  feet,  in  numerous  vessels  attached  to 
an  endless  chain,  would  probably*  startle  most  of  our  mechanicians ;  and 
some  might  suppose  that  the  ioeight  of  so  long  a  chain,  if  made  of  iron^ 
would  overcome  the  tenacity  of  the  metal ;  but  almost  all  the  works  of 
the  remote  ancients  partook  of  the  same  bold  features.  Magnitude  in  some 
of  their  machines,  is  as  surprising  as  in  other  departments  of  their  labors. 
Their  engineers  seem  to  have  carried  it  to  an  extent  that  in  modern  days, 
would  be  considered  as  verging  on  the  limits  of  the  natural  properties  of 
materials. 

That  the  chain  of  pots  was  the  standard  machine  for  raising  water  in 
quaTitiUesJrom  great  depfJts  would  appear  from  Vitruvius,  since  it  is  the 
only  one  adapted  for  that  purpose  which  he  has  described,  except  the 
"  machine  of  Ctesibius  ;"  and  as  he  professes  to  give  an  account  of  the 
'*  various  machines  for  raising  water,"  and  his  profession  as  a  civil  engi- 
neer would  necessarily  render  him  familiar  with  the  best  of  them,  it  is 
clear  that  he  was  ignorant  of  any  other  having  been  in  previous  use. 
That  the  engine  at  Babylon  was  no  other  than  the  chain  of  pots,  may  be 
inferred  from  the  employment  of  the  latter  in  Josej)h's  well,  where  it 
raises  water  to  an  elevation  nearly  equal  to  that  ascribed  to  the  former ; 
and  if  the  subject  were  of  sufficient  interest,  we  think  a  connection  might 
be  traced  between  them,  if  Joseph's  well  be,  as  supposed,  a  relic  of  Egypt- 
ian Babylon.  Both  Egypt  and  Chaldea  were  subject  to  the  same  monarch 
at  the  time  that  city  was  built.  Twenty  two  or  three  years  only  had  elapsed 
after  Nebuchadnezzar's  death  when  Cyrus  took  Babylon,  and  with  it  the 
empire ;  and  nine  years  after  he  was  succeeded  by  his  son  Cambyses,  who 
when  in  Egypt,  it  is  alleged,  founded  a  city  on  the  site  of  modern  Cairo, 
and  named  it  after  old  Babylon  Cambyses  reigned  seven  years  and  five 
months.  If,  therefore,  the  Babylonian  machine  was  superior  to  the  '  chain 
of  pots,'  (and  it  must  have  been,  if  it  differed  at  all  from  the  latter,  for 
otherwise  it  would  not  have  been  selected,)  then  it  would,  we  think,  as  a 
matter  of  course,  have  been  adopted  also  in  Joseph's  well,  in  which  the 
water  was  required  to  be  elevated  to  about  the  same  height  as  in  the 
hanging  gardens.  Besides,  if  it  possessed  peculiar  advantages,  it  would 
certainly  have  been  preserved  in  use,  as  well  as  the  chain  of  pots,  for  the 
wealth,  comfort,  and  even  existence  of  the  people  of  the  east,  ha\  e  at  all 
times  depended  too  much  upon  such  rr/achines  to  suffer  any  valuable  one 
t'i  be  lost. 
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Bat  wu  the  cbdn  of  this  machine  formed  of  metal,  or  of  repeal  Of 
the  latter  we  have  no  doubt.  They  are  generally  made  of  flax  or  fibres  of  the 
]iatm  tree  at  the  present  day  over  all  the  ea^t.  In  ^reat  elevations,  chains 
of  rope  poaseaa  important-a  Ivantages  over  thoie  of  metal,  in  their  supe- 
rior lightness,  being  free  from  corrosion,  and  the  faoility  of  repairing  them. 
But  by  far  the  most  interesting  problem  connected  with  the  Babylonian 
engine  is,  w^b  the  water  of  the  Euphrates  raised  by  it  to  the  highest  ter* 
race  at  a  siNflLE  lift  1  If  we  had  not  been  informed  of  one  reservoir  only, 
on  the  upper  terrace  "  from  whence  the  gardens  on  the  others  were  water- 
ed," we  should  have  supposed  die  water  really  raised  as  in  Joseph's  well, 
I.  e.  by  two,  or  even  more  separate  chains ;  and  as  it  is,  we  cannot  believe 
that  so  ingenious  a  people  as  tbe  Babylonians  would  raise  the  whole  of 
the  water  which  the  gardens  required  to  the  uppermost  terrace,  when  the 
greaiat  portiott  of  it  was  not  wanted  half  so  bigh.  As  the  size  of  the  ter- 
races diminished  as  they  approached  tbetop  of  the  walls,  it  is  probable  tbat 
full  two  thirds  of  the  water  was  conaumed  within  one  hundred  feet  of  the 
ground.  We  therefore  conclude  that  this  famous  engine  was  composed 
of  at  least  two,  and  probably  more,  separate  chains  of  potsj  and  even  then, 
it  might  with  as  much  propriety,  be  noticed  by  ancient  authors  as  a  tingle 
machme,  as  that  at  Cairo  etJU  is,  by  all  modem  travelers.  Winkelman 
says,  the  famous  gardens  at  Babylon  had  canals,  some  of  "  which  were 
■upplied  by  pumps  and  other  engines."  And  Kircher  in  his  Turrit  Babtl, 
1679,  reprefents  fountains  smd  jett  d'eam  on  every  terrece.  - 
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There  ie  another  device  that  belongs  to  this  chapter.  £v«ry  pei-son 
kruiwB,  that  where  water  is  dispersed  over  extended  surfaces,  and  of  too  lim- 
ited depth  to  allow  the  use  of  a  veeael  to  scoop  it  up,  various  substances 
are  employed  to  absorb  it,  as  sponge  and  woolen  rags,  and  from  which  it  is 
■ei'iirated  by  pressure.  A  housemaid,  when  washing  a  floor,  thus  collects 
in  a  cloth  the  liquid  dispersed  in  the  purifying  process ;  and  by  wring- 
ing returns  it  to  the  vessel.  The  process  is  substantially  the  same  as  that 
ad'-pted  to  raise  water  in  Vera's  Hope  Tump.      See  No.  57. 

Tliis  machine  consists  of  one  or  nii.ire  endless  ropes,  formed  of  loosely 
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spun  vio'A  or  horse  hair,  and  stretched  on  two  pulleys  like  the  endless 
chain  of  pots.  These  pulleys  have  grooves  formed  on  their  surfaces  for 
the  reception  of  the  ropes.  One  of  them  is  placed  over  the  mouth  of  a 
well,  and  tj'ie  other  suspended  in  or  secured  to  the  bottom.  A  rapid  mo- 
tion is  communicated  to  the  upper  pulley,  by  a  multiplying  wheel,  and 
the  ascending  side  of  each  rppe  then  carries  up  the  water  absorbed  by  it; 
and  which  is  separated  from  it  when  passing  over  the  upper  pulley,  partly 
by  centrifugal  force,  and  partly  by  being  squeezed  in  the  deep  groove,  or 
by  passing  through  a  tube  as  shown  in  the  figure.  In  the  beginning  of 
the  motion,  the  column  of  water  adhering  to  the  rope,  is  always  less  than 
when  it  has  been  worked  for  some  time,  and  continues  to  increase  till  the 
surrounding  air  partakes  of  its  motion.  By  the  utmost  efforts  of  a  man, 
nine  gallons  of  water  were  raised  by  one  of  these  machines  from  a  well, 
ninety-five  feet  deep,  in  one  minute.     Adam's  Philos.  Vol.  iii,  494. 

The  HYDRAULIC  BELT  is  a  similar  contrivance.  It  is  an  endless  double 
band  of  woolen  cloth,  passing  over  two  rollers,  as  in  figure  57.  It  is  driven 
with  a  velocity  of  not  less  than  a  thousand  feet  per  minute ;  when  the  water 
contained  between  the  two  surfaces  is  carried  up  and  discharged  as  it  passes 
over  the  upper  roller,  by  the  pressure  of  the  band.  Some  machines  of 
this  kind  are  stated  to  have  produced  an  effect  equal  to  seventy-five  per 
cent,  of  the  power  expended,  while  that  of  ordinary  pumps  seldom  ex- 
ceeds sixty  per  cent.     See  Lon.  Mechan.  Mag.  Vol.  xxix,  page  43] 
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Tub  Sckcw— An  orifinal  device— Varioos  modm  of  constructing  it->Roman  Screw— Often  re-invented 
—Introduced  into  England  from  Germany — Combination  of  several  to  raise  water  to  great  elevations- 
Marquis  of  Worcester's  proposition  rolating  to  it,  exemplified  by  H.  Patiu— Ascent  of  water  in  it 
formerly  considered  inexplicable— Its  history — Not  invented  by  Archimedes — Supposed  to  have  Iraen  in 
early  use  in  Egypt~>Vitruvius  silent  respecting  its  author— ^llonon  its  inventor  or  re-inventor— This  phi- 
losopher famous  for  his  flattery  of  Ptolemy  and  Berenice — Dinocrates  the  architects-Suspension  of  metal 
lie  substances  without  support — The  screw  not  attributed  to  Archimedes  till  after  his  death — Inventions 
often  given  to  others  than  their  authors— Screws  wed  as  ship  pumps  by  the  Greeks — Flatterers  like 
Oonon  too  often  found  among  men  of  science — Dedications  of  European  writers  often  bIttsphemou»— 
Hereditary  titles  and  distinctions— Their  acceptance  unworthy  of  phiIosoph<>rs— Evil  influence  of  scien- 
tific  men  in  accepting  them— Their  denunciation  a  proof  of  the  wisdom  and  virtue  of  the  framers  of  the 
U.  S.  Constitution— Their  extinction  in  Europe  desirable — Plato,  Solon,  and  Socrates— George  111— 
Georire  IV — James  Watt — A rago— Description  o^  the  *Syracusan,'  a  ship  built  by  Archimedes,  la 
which  the  Screw  Pump  was  used. 

The  Cochleon  or  Egyptian  Screw,  the  machine  next  described  by 
Vitruvius,  is,  in  every  respect,  the  most  original  one  of  which  he  has  giv 
en  an  account.  Unlike  the  preceding,  which  appear  to  have  been  in  a 
great  measure  deduced  from  each  other,  it  forms  a  species  of  itself;  and 
wlioever  was  its  inventor,  he  has  left  in  it  a  proof  of  his  genius,  and  a 
lasting  monument  of  his  skill.  If  it  be  not  the  earliest  hydraulic  engine 
that  was  composed  of  tuhcs^  or  in  the  construction  of  which  they  were  in- 
troduced, it  certainly  is  the  oldest  one  known  of  that  description ;  and  in 
its  mode  of  operation  it  differs  essentially  from  all  other  ancient  tube  ma 
chines  ;  in  the  latter  the  tubes  merely  serve  as  conduits  for  the  ascending 
wau-r,  and  as  such  are  at  rest;  while  in  the  screw  it  is  the  tubes  themselves 
in  motion  that  raises  the  liquid. 

IS 
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This  tiMehine  has  been  conatructed  in  a  variety  of  ways.  Sorcrtimea 
fay  wimliD^  in  the  inanner  oi'  a  screw,  one  or  more  flexible  lubea 
(generally  of  lead  or  strong  leath- 
er) round  a  cylinder  of  wood  or 
'  iron.  This  cylinder  is  sustained 
by  gudgeons  in  such  a  position, 
that  ^t  whatever  angle  with  the 


horizon  it 

the  helix  D 

ia  used,  the  plane  of 
lust  always  be  inclined 

by  it  any 
it  in  the   \ 

It  a.  greater  angle  ;  oth- 
waier  could  1^  raised 
more  than  by  turning 

vrong  direction.      The 

lower  end  being  it 
ter,  the  liquid  entera  the  tube  and 
is  gradually  raised  by  each  revo- 
lution until  it  is  discharged  above. 
These  machines  ara  commonly 
used  at  an  inclination  to  the  hori- 
zon of  about  45°,  although  they 
sometin.es  are  placed  at  60*.  Se« 
the  agure 
No.  38.  Sen*.  Instead  of  tubes  wound  round 

k  cylinder,  axge  grooves'were  sometimes  formed  in  the  latter  and  cover- 
ed by  ooards  or  sheets  of  metal,  closely  nailed  to  the  surfaces  between 
the  grooves — so  that  the  latter  might  be  considered  as  tubes  sunk  into 
the  cylmder,  instead  of  being  folded  round  its  exterior. 


Another  mode  was  to  make  the  threads  of  plank,  arranged  an  a  helix 
roqnd  a  solid  cylinder,  which  was  iitted  with  journals,  and  made  to 
revolve  in  a._fixea  hollow  cylinder  of  the  same  length  ;  the  edges  or  ex- 
trnmities  of  the  threads  rubbing  against  the  sides  of  the  latter,  and  coii- 
■equently  producing  the  same  effoct  as  No.  58.  This  modificadnn  uf  the 
cochleon  is  known  as  the  German  Snail.  It  has  this  advantage,  that  it 
may  be  worked  in  an  open  channel,  or  half  a  cylinder  instead  of  a  uhoie 
one,  since  it  is  only  the  lower  half  of  the  latter,  that  is  essential  to  ihe 
the  operation  of  raising  water.  Machines  of  ihi^  kind  of  large  dinii^n- 
ainni  have  long  been  employed  by  the  Dutch,  and  are  generally  driven 


Chap.  16.J  The  Screw.  ISK) 

by  windmills.  But  the  outer  cylinder  is  more  generally  fixed  to  the 
edges  of  the  helix,  and  turned  with  it.  It  was  made  in  this  manner  by 
the  ancient  Romans ;  the  outer  cylinder  or  case  was  of  plank,  well  joint- 
ed together,  and  nailed  to  the  edges  of  the  screw,  and  the  whole  cemented 
wi«^h  pitch,  and  bound  toge titer  by  iron  hoops.  It  was  moved  like,  the 
noria,  &c.  *'  by  the  walk-ng  of  men."  Vitruvius,  B.  x,  Chap.  11.  See 
No.  59. 

The  screw  as  represented  in  the  preceding  figures,  has  never  been  lost 
to  the  world  since  its  invention,  although  it  has  long  btscn  unknown  in  that 
country  in  which  it  was  devised — Egypt.  It  appears  early  in  printed 
books.  In  the  first  German  edition  of  vegetius,  (I5I1)  it  is  figured,  ana 
nearly  in  a  vertical  position.  A  laborer  with  a  feather  in  his  cap,  and  a 
sword  at  his  side,  is  seated  across  the  top  of  the  frame,  and  turns  it  by  a 
crank.* 

Like  almost  every  other  hydraulin  engine,  the  screw  has  oflen  been 
Tivin vented.  Cardan  mentions  a  blacksmith  of  Milan,  who  imagining  him- 
6elf  its  original  inventor,  "  for  joy,  ran  out  of  his  wits,**  and  the  writer 
recollects  when  a  boy,  hearing  of  an  ingenious  shoemaker  m  much  the 
same  predicament.  It  appears  to  have  beer,  like  other  machines  for  the 
same  purpose,  introduced  into  England  from  Germany.  ''  The  Holland- 
ers, (says  Switzer,)  have  long  ago,  as  some  books  that  I  have  seen  of 
theirs  of  fortification  intimate,  us'd  them  in  draining  their  morassy  and 
fenny  ground,yrom  whence  they  Ivave  been  brought  into  England;  and  used 
in  the  fens  of  Lincolnshire,  Cambridgeshire  and  other  low  countries. 
Those  of  the  smallest  kind  that  are  worked  by  men  have  only  an  iron 
handle,  as  a  grindstone  has;  but  the  largest  that  are  wrought  by  horses, 
have  a  wheel  like  the  cog-wheel  of  a  horse  mill.  This  engine,  (he  con- 
tinues,) which  takes  hold  of  th^  water,  as  a  cork  screw  does  a  cork,  will 
throw  up  water  as  fast  as  an  overshot  wheel,  whereby  in  a  short  time,  an 
infinite  number  of  water  may  be  thrown  up;  and  I  remember  when  the 
foundation  of  the  stately  bridge  of  Blenheim  was  laid,  we  had  some  of 
*  them  used  with  great  success ;  and  they  are  also  used  in  the  New  Rivei 
Works,  about  Newbury,  Berkshire,  and  said  to  be  the  contrivance  of  a 
common  soldier,  who  brought  the  invention  out  of  Flandera."  Hydros- 
tatics, 296,  298. 

When  employed  to  raise  water  to  great  elevations,  a  series  of  two, 
three,  or  more,  one  above  another,  have  been  employed ;  the  lower  one 
discharging  its  contents  into  a  basin,  in  which  the  inferior  end  of  the  next 
above  is  immersed,  the  whole  being  connected  by  cog  wheels.  Thus  an 
old  author  observes,  "  you  may  raise  water  to  any  height  in  a  narrow  place, 
viz.  within  a  tower  to  the  top  thereof,  as  we  have  known  done  at  Au- 
gusta,  in  Germany  ;  to  wit,  if  the  spiral  pipes  be  multiplied,  so  that  the 
water  being  raised  by  the  lower  spiral,  and  being  poured  out  into  some  re- 
ceptacle or  cistern  ;  hence,  it  may  be  raised  higher  again  by  another  spiral, 
and  so  successively  by  more  spirals,  as  high  as  you  please,  all  which  spir- 
als may  be  moved  by  one  power,  viz.  by  the  water  of  a  river  underneath, 
or  by  another  animated  power."     Moxon. 

It  was  one  of  the  objects  of  the  Marquis  of  Worcester,  and  his  '  unpa- 
ralleled workman,  Caspar  KaltofF,'  to  avoid  the  necessity  of  thus  combin- 

*  Whether  nUing  was  the  usual  position  of  European  laborers  and  mechanics  when 
at  work,  in  the  middle  ages,  we  know  not ;  but  Cambden  has  a  remark  which  intiuiates 
that  all  Englisk  mechanics  had  not  in  his  time,  abandoned  this  oriental  custom  In  coii- 
ciudinip  iiis  lon^^  account  of  "  the  States  and  Degrees  of  England,"  from  kings,  princes, 
dukes,  lords,  knights,  &a:.  he  continues,  "  lastly,  craAsmen,  arlizans  or  workmen ;  be  they 
that  labor  for  hire,  and  namely,  such  as  sit  at  work,  meehamcke  artificers, 
ftnUfS,"  9fc. 
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ing  a  number  of  them  together,  as  appears  from  the  fifty -third  proposition 
in  the  *  century  of  inventions,'  "  A  way  how  to  make  hollow  and  cover 
a  water  screw,  as  "  big  and  as  long  as  one  pleaseth,  in  an  easy  and  cheap 
way."  How,  and  of  what  materials  he  made  this,  is  not  known,  but  the 
fifty-fifth  proposition,  in  the  following  words,  has  been  fully  and  practical- 
ly developed  by  a  French  engineer.  "  A  double  water  screw,  the  inner- 
most to  mount  the  water,  and  the  outermost  for  it  to  descend,  more  in 
number  of  threads,  and  consequently  in  quantity  of  water,  though  L.iuch 
shorter  than  the  innermost  screw  by  which  the  water  ascendeth  ;  a  most 
extraordinary  help  for  the  turning  the  screw  to  make  the  water  rise."  In 
1815,  M.  Pattu  published  an  account  of  the  following  improvements,  by 
which  the  ideas  of  Worcester  are  realized. 


Na60. 


N0.6L 


No.fl9L 


No.  60.  represents  two  separate  screws  formed  on  the  same  axis,  one 
of  which.  A,  is  long  and  narrow  and  serves  for  the  nucleus  of  C,  which 
is  much  wider  and  shorter.  This  is  designed  to  propel  the  former.  The 
threads  of  both  wind  round  the  axis  in  opposite  directions,  so  that  when  those 
on  one  appear  to  be  moving  upwards,  those  on  the  other  seem  to  be  going 
downwards.  The  water  from  the  stream  M,  is  directed  into  the  top  of 
the  large  screw,  and  by  its  weight  (as  on  an  overshot  wheel)  puts  the 
whole  in  motion,  and  consequently  the  water  at  O,  in  which  the  lower  end 
of  A  revolves,  is  raised  into  the  cistern  at  B.  No.  61  is  merely  the  same 
machine  inverted.  It  illustrates  the  applications  to  such  locations  as  have 
a  short  fall  above  the  place  to  which  the  water  is  to  be  raised.  In  No.  62 
the  small  screw  drives  the  large  one,  through  which  the  water  from  the 
lowest  level  is  raised  sufficiently  high  to  be  discharged  at  an  intermediate 
one,  as  at  G.  From  these  figures  it  will  be  perceived  that  the  scre%v  has 
been  employed  like  the  noria  and  the  chain  of  pots,  to  transmit  power. 

This  machine  was  formerly  considered  as  exhibiting  a  very  singular 
paradox,  viz.  that  the  water  "  ascended  by  descending,"  and  the  mystery 
was,  how  both  these  operations  could  be  performed  at  the  same  time,  and 
yet  produce  so  strange  a  result.  It  was  remarked  that  when  those  form- 
ed of  glass,  were  put  in  motion,  the  water  ran  doivn  the  underside  of  each 
cum  of  the  tubes,  and  continued  thus  to  descend  until  it  was  discharged 
at  the  top !  The  whole  operation  and  the  effects  being  visible,  there 
deemed  no  room  for  dispute,  however  contrary  to  acknowledged  princi- 
ples the  whole  might  appear.  The  case  wa?  apparently  inexplicable,  and 
deemed  to  present  a  parallel  one  to  that  of  the  asymtote  ;  the  properties 
of  the  latter  being  as  incapable  of  demonstration  to  the  senses,  as  the  sup- 
posed operation  of  this  machine  could  be  reconciled  to  the  mind.  Indeed 
he.  proposition,  that  two  geometrical  lines  may  continue  to  approach  each 
}ther  forever,  without  the  possibility  of  coming  in  contact,  is  apparently^ 
4uite  as  impossible,  as  that  water  should  ascend  an  inclined  plane,  by  the 
more  exercise  of  its  own  gravity.     But  the  idea  of  water  descending  in 
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its  passage  through  the  screw  was  altogether  an  illusion.  On  the  contr& 
ry,  it  is  uniformly  raised  by  the  continual  elevation  of  that  part  of  the  tubt? 
which  is  immediately  behind  the  liquid,  and  which  pushes  it  up  in  a  man- 
ner analagous  to  that  represented  by  the  following  diagram. 

Suppose  AY,  the  edge 
of  a  wide  strip  of  cloth 
or  tape,  secured  at  both 
ends,  at  an  angle  with 
the  horizon,  as  repre- 
sented, and  upon  which 
the  boy's  marble  .or 
ball  at  P,  can  roll.  If 
IfaOL  ^      we  hold  the  pen  with 

which  we  are  writing 
under  the  tape  between  P  Y,  and  raise  that  part  into  the  position  indicated 
hy  the  dotted  lines ;  the  ball  would  necessarily  be  pushed  forward  to  E  ; 
and  if  tlie  pen  were  then  drawn  tov/ards  B  on  the  line  D  B,  the  ball  would 
be  carried  up  to  A,  and  without  deviating  in  its  path  from  the  line  Y  A. 
If  A  Y  were  the  under  side  of  a  flexible  pipe  or  gutter,  containing 
water  at  E  in  place  of  the  ba:l,  it  is  obvious  that  it  would  also  be  raised 
to  A,  in  a  like  manner.  By  the  same  principle  water  is  raised  in  the  screw, 
and  we  may  add,  in  much  the  same  way,  for  the  rotation  of  the  screw  is 
merely  another  mode  of  effecting  the  same  thing,  which  we  have  suppos- 
ed to  be  done  more  directly  by  the  pen,  i.  e.  by  producing  a  continual  ele- 
vation of  the  plane  immediately  behind  the  ball  or  the  water.  The  path 
of  the  latter  through  a  screw  is  the  sa|;ne  as  that  of  the  ball,  while  the 
curves  assumed  by  the  tape,  as  in  the  dotted  lines,  represent  sections  of 
the  helix,  and  the  lines  D  £,  A  Y,  of  the  cylinder  within  which  it  is 
formed. 


All  the  ancient  machines  hitherto  exam'Tied,  have  come  down  from  pe- 
riods so  extremely  remote,  that  not  a  single  circumstance  connected  witli 
their  origin  or  their  authors  has  been  preserved.  The  screw  is  the  first 
machine  for  raising  water,  whose  inventor,  or  alleged  inventor,  has  been 
named ;  and  yet,  from  the  imperfect  and  mntilated  state  of  such  ancient 
writings  that  incidentally  mention  it,  and  the  loss  of  others  which  treated 
professedly  on  it,  the  question  of  its  origin  is  far  from  being  settled.  Al- 
tl.ongh  it  is  said  to  have  been  invented  by  Archimedes  and  has  long  been 
named  after  him,  there  are  circumstances  which  render  it  probable  that 
Diodorus  Siculus  and  Atheneus  were  mistaken  when  they  attributed  it 
to  the  great  philosopher  of  Syracuse.  Had  the  account  of  this  machine 
which  Archimedes  himself  wrot^  been  preserved,  there  would  have  been 
no  occasion  to  reason  on  its  origin  or  its  author ;  but  unfortunately  this,  as 
well  as  his  description  of  pneumatic  and  hydrostatic  engines,  **  concerning 
which  he  wrote  some  books,"  are  among  those  that  have  perished. 

There  is  no  reason  to  believe  that  Archimedes  himself  ever  claimed  its 
invention ;  and  his  countryman  Diodorus,  who  lived  two  hundred  years 
after  him,  and  upon  whose  authority  chiefly  it  has  been  attributed  to  him, 
admits  that  it  was  invented  by  him  in  Egypt ;  thus  allowing  it  to  have  been 
devised  in  that  country,  whence  the  Greeks  derived  all  or  nearly  all  that 
was  valuable  in  their  philosophy  and  their  arts.  Every  person  knows 
that  Egypt  was  the  grand  school  for  the  nations  of  old,  in  which  the  learn- 
ed men  of  other  countries  were  instructed  in  every  branch  of  philosophy— 
for  the  cultivation  of  which  the  Egyptians  were  celebrated  even  in  the 
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time  of  Mosed— -hence  it  frequently  happened,  that  after  retumitig  to 
their  homes  imbued  with  the  '  wisdom  of  Egypt,'  philosophers  were  con- 
sidered by  their  countrymen  as  the  authors  of  doctrines,  discoveries  and 
machines,  which  they  had  acquired  a  knowledge  of  as  pupils  abroad.  It 
is  not  therefore  impossible,  that  that  which  occurred  to  Thales  and  Pyth- 
agoras, Lycurgus  and  Solon,  Plato  and  many  othera^  may  also  have  hap- 
pened to  Archimedes  with  respect  to  this  machine.  It  has  been  supoosed 
that  the  screw  was  employed  in  Egypt  ages  before  he  visited  that  country; 
of  this,  however,  there  is  no  direct  proof;  periiaps  an  examination  of  the 
immense  mass  of  sculptures  in  the  temples,  and  tombs  of  Thebes  and  Beni- 
Hassan,  &c.  may  yet  bring  to  light  facts  illustrative  of  the  use  of  tins  and 
other  machines  for  the  same  purpose  in  very  remote  times.  Its  ancient 
name  of  Egyptian  screw  indicates  its  origin. 

The  silence  of  Vitruvius  respecting  its  orlgiii,  if  Archimedes  w^as  the 
inventor,  is  singular ;  for  throuj^h  the  whole  of  his  work  he  appears  stu- 
dious to  record  the  names  of  inventors.  He  was  contemporary  with 
Diodorus,  and  had  therefore  equal  opportunities  of  ascertaiumg  its  history, 
while  from  his  profession,  and  the  nature  of  his  work,  a  more  perfect  ac- 
count of  it  would  be  expected  from  him  than  from  the  other.  The 
Roman  architect  had  indeed  every  inducement,  (except  such  as  were  un- 
worthy of  him,)  to  record  the  name  of  the  Prince  of  Ancient  Mathemati- 
cians as  its  author,  if  such  he  knew  him  to  be.  The  reputation  of  Ar 
chimedes;  his  splendid  discoveries;  his  famous  defence  oi  his  native  city; 
his  melancholy  death  ;  the  interest  which  Marcellus  took  in  his  fate ;  the 
erection  of  his  tomb  by  that  General ;  and  its  discovery  by  Cicero  amidst 
thorns  and  rubbish,  one  hundred  und  forty  years  after  his  death,  and  in  the 
lifetime  of  Vitruvius — induce  us  to  believe  that,  as  a  candid  philosopher 
and  admirer  of  learned  men,  and  of  Archimedes  himself,  (B.  i,  Chap.  1.) 
he  would  certainly  have  awarded  to  the  latter  the  honor  of  its  invention, 
if  he  believed  him  entitled  to  it,  either  from  the  testimony  of  ancient  wri- 
ters, or  from  tniditional  report. 

But  if  this  machine  was  not  invented  by  him,  to  M'hom  then  is  the 
world  indebted  for  it  1  We  reply — if  it  really  be  not  more  ancient  than 
che  Ptolemaic  era— -to  a  Grecian  philosopher  of  Samos,  who  was  contem- 
porary with  Ai chimedes.  Some  readers  will  recollect  that  when  Ptolemy 
Evcrgetes,  the  eon  and  successor  of  Philadelphus,  departed  on  a  dangerous 
expedition,  the  success  of  which,  according  to  RoUin,  was  foretold  by 
Daniel,  (xi,  7,  9,)  his  wife  Berenice,  influenced  by  a  principle  of  supersti- 
tion, that  at  one  time  was  universal,  vowed  to  sacrifice  her  greatest  orna- 
ment, the  hair  of  her  head^  to  the  Goddess  Venus,  if  he  was  successful 
and  restored  to  her  in  safety.  Upon  his  victorious  return,  she  cut  off  her 
locks  and  dedicated  them  in  that  temple  which  Philadelphus  had  founded 
in  honor  of  her  mother  Arsinoe ;  the  dome  of  which  temple  was  intend- 
ed to  have  been  lined  with  loadstone,  that  the  iron  statue  of  Arsinoe  might 
be  suspended  in  the  air ;  but  the  death  both  of  Dinocrates  the  architect, 
and  Philadelphus,  .prevented  the  completion  of  a  building  that  would  have 
rivalled  the  most  perfect  of  all  human  productions  ;  a  work,  which  proba- 
bly gave  rise  to  the  story  of  the  suspension  of  Mahomet's  coffin.* 

*  That  metallic  substances  have  been  actually  suspended  without  any  tangible  support 
appears  from  Poncet,  to  whose  Unvels  in  Abyssinia  we  referred  in  the  last  chapter.  He 
declares  liiat  he  beheld  in  a  monastery  in  that  country,  a  golden  staff  about  four  (iset 
long,  thus  suspended  in  the  air ;  and  to  detect  any  deception  he  desired  pemii3i$ion  to 
examine  it  closely,  to  ascertain  whether  there  was  not  some  invisible  prop  or  support 
"  To  take  away  all  doubt  (he  says)  I  passed  my  cane  over  it  and  jnaer  it,  and  on  aU 
•ides,  and  found  tliat  thu  staflfor  gola  did  tnily  hang  of  itself  in  the  air.'*  Ed.  Encye. 
Vol.  xiii,  p.  46. 
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Sometime  afterwards,  this  consecrated  hair  was  missing  fiom  the  tem- 
pie,  having  been  lost  through  the  negligence  of  the  priests,  or  perhaps 
designedly  concealed.  No  occurrence  was  more  likely  to  create  alarm 
among  a  superstitious  people,  or  to  excite  the  ire  of  a  despotic  monarch, 
than  such  an  insult  to  their  Gods,  and  to  his  favorite  queen.  In  this  di- 
lemma, an  astronomer  of  Alexandria,  in  order  to  make  his  court  to  Ever- 
getes,  had  the  effrontery  to  give  out  publicly  that  Jupiter  had  carried  off 
die  locks  of  Berenice  to  heaven,  and  had  formed  them  into  a  constellation  ! 
And  as  a  proof  of  his  assertion  he  pointed  to  an  unformed  cluster  of  stars 
near  the  tail  of  Leo,  as  Berenice's  hair !  And  '  Coma  Berenices*  is  the 
name  by  which  these  stars  are  known  to  this  day. 

It  was  this  artful  courtier  and  astronomer  who  either  invented  or  re-in- 
vented the  screw.  He  was  named  Conon  of  Samos,  and  sometimes 
Conon  of  Alexandria ,  from  his  residence  in  Egypt.  He  was  an  intimate 
fiiend  of,  and  greatly  esteemed  by  Archimedes ;  and  it  would  seem  that 
they  communicated  their  writings  and  discoveries  to  each  other.  When 
the  former  devised  this  machine,  Archimedes  we  are  told  demonstrated 
andfvUy  ea^plained  its  properties  ;  for  Conon  himself  was  not  fortunate  in 
his  demonstrations.  (Bayle.)  From  this  circumstance  the  name  of  its  in- 
ventor was  in  time  forgotten,  and  it  eventually  became  known  as  the  -4r- 
ckimedian  screw  ;  but  probably  not  till  long  after  the  death,  both  of  its 
author  and  illustrator. 

Similar  instances  are  not  uncommon  in  modern  times ;  they  have  ^n  fact, 
always  occurred.  Thus,  the  instrument  known  as  Hadley's  Quadrant  was 
really  invented  by  Godfrey  of  Philadelphia.  The  compass  was  known 
before  Flavio  Gioia,  although  the  Fleur  de  lAs,  by  which  he  designated 
the  north  in  compliment  to  his  sovereign,  is  used  to  this  day.  Gunpowder 
was  used  ages  before  Schwart;  was  born — and  these  continents  bear  the 
name  of  Vespucci,  not  that  of  Columbus  or  Behaim. 

As  Conon  died  before  Archimedes,  (see  Bayle)  and  probably  in  Egypt, 
it  is  very  possible  (supposing  it  originated  with  the  former)  diat  it  was 
first  introduced  into  Europe  by  the  latter ;  a  circumstance  quite  sufEcient 
to  connect  his  name  permanently  with  it  there.  Atheneus  mentions  par- 
ticularly its  application  by  him  to  raise  water  from  the  hold  of  the  ship, 
which  was  built  under  his  directions  for  Hiero ;  and  if  an  observation  of 
the  same  author  can  be  relied  on,  it  is  evident  that  he  was  the  first  to 
make  it  known  to  Grecian  mariners ;  for  he  asserts,  that  they  held  his 
memory  in  great  estimation,  for  having  enabled  them  to  carry  off  the  war 
ter  from  the  holds  of  their  vessels  by  it. 

It  is  greatly  to  be  resetted  that  men  of  science  should  ever  be  found 
among  the  flatterers  of  despots;  yet  the  obsequiousness  of  Conon  has  been 
imitated  in  modern  as  in  ancient  times.  Custom  may  yet,  in  some  degree 
sanction  or  rather  sci-een  the  practice  from  reproach ;  but  the  periodf  is, 
we  believe,  rapidly  approaching  when  it  will  be  subjected  to  general  de- 
rision, as  not  only  injurious  to  the  reputation  of  scientific  men  themselves, 
but  Uf  science  and  the  world  at  large.  Our  sentiments  on  this  subject  may 
be  reprobated  by  some  persons,  and  approved  of  by  few, — still  we  believe 
they  are  such  as  conduce  to  the  general  welfare  of  t>ur  race,  and  such  as  will 
one  day  universally  prevail,  and  believing  this,  we  express  them  without  he- 
siration-— others  may  condemn  them  as  out  of  place  here,  but  in  our  opinion 
the  evils  they  deprecate  will  not  be  removed  until  they  are  generally  de- 
nounced in  works  devoted  to- the  arts.  Nay,  we  would  introduce  such 
sentimnnts  into  school  books,  that  children  may  not  be  ta^ight  to  worship  a 
man  on  account  of  his  Utlos,  but  to  revere  virtue  and  apdmire  well  culd 
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rated  talents  wherever  they  are  found.     *  We  might  as  well  (says  Seneca) 
commend  a  horse  for  his  splendid  trappings,  as  a  man  for  his  pompous  ad 
ditions.' 

Let  any  unsophisticated  mind  peruse  the  dedications  of  European  works, 
in  almost  all  departments  of 'science,  for  the  last  two  centuries,  and  he 
will  find  every  attribute  oftlvt  Deity  blasphemously  lavished  on  the  vilest 
of  pri]ices,  and  on  titled  dolts,  with  a  degree  of  ardor  and  apparent  sin- 
cerity, that  is  as  loathsome  as  the  grossest  practices  of  heathen  idolatry.  At 
the  same  time,  these  individuals  who  thus  idolize,  sometimes  an  idiot,  at 
others  an  infant,  and  often  a  brute,  affect  pity  for  the  ignorance  and  super- 
stition of  ancient  pagans  and  modern  savages. 

But  why  this  display  of  servile  adulation  t  Formerly  to  obtain  bread  : 
in  later  times  to  procure  title,  hereditary  title. 

If  there  is  one  class  of  men,  whose  extensive  knowledge  of  nature, 
and  the  sublimity  of  w;hose  studies  should  ledul  them  thoroughly  to  des- 
pise the  tinsel  and  trappings  of  courts,  and  the  unnatural,  and  to  the 
great  mass,  degrading  distinctions  in  European  society,  it  is  astronomers ; 
men  whose  researches  are  preeminently  calculated  to  ennoble  the  mind, 
whose  labors  have  elicited  the  highest  admiration  oi  their  talents,  and 
whose  discoveries  have  opened  sources  of  intellectual  pleasures  so  refined, 
that  pure  intelligences  might  rejoice  in  them.  That  such  men  should  stoop 
to  lay  at  the  feet  of  ignorant  and  sensual  despots,  their  fame,  their  learning, 
and  in  some  degree  the  science  of  which  they  are  the  conservators,  and 
accept  from  those,  who  are  immeasurably  their  inferiors,  what  are  prepos- 
terously named  titles  of  honor,  i.  e.  puerile  and  artificial  distinctions, 
which,  while  they  profess  to  advance  those  who  are  already  in  the  fore- 
most ranks  of  society — really  lower  and  degrade  them — titles,  relics  of 
times  when  men  were  advanced  but  a  few  steps  from  the  savage  state,  and 
conferred  by  ceremonies  which  are  the  very  essence  of  buffoonery, — is 
truly  one  of  the  most  lamentable  facts  connected  with  the  history  of  mo- 
dern science. 

Learned  men  by  thus  connecting  themselves  with  the  state,  consummate 
an  unholy,  an  unnatural  alliance,  and  subject  even  science  herself  (al- 
though they  may  not  intend  it)  to  politicians  to  speculate  on.  They  in  a 
measure,  commit  suicide  on  their  fame,  by  thus  supporting  political  insti- 
tutions, that  can  only  exist  by  silencing  the  throbbings  and  stifling  the  aspi- 
rations of  the  general  mind  after  knowledge ;  institutions,  which,  like  the 
old  errors  in  philosophy,  are  destined  to  be  exploded  forever.  It  will,  we 
think,  one  day  appear  strangely  incongruous,  that  some  of  the  brightest 
luminaries  of  science  should  have  turned  to  royal  despots  for  factitious  rank; 
as  if  they,  in  whose  fair  fame  the  world  feels  an  interest,  could  descend  from 
their  radiant  spheres  to  move  as  satellites  around  such,  with  an  increase 
of  lustre  !  Who  can  behold  without  sorrow,  these  men  rendering  homage 
by  kneeling  and  other  more  disgusting  mummeries,  to  individuals  who  are 
not  oiily  their  inferiors  in  every  attribute  that  adorns  humanity,  but  often  the 
most  atrocious  of  criminals,  and  sometimes  mere  insensates ;  to  beg  a  por- 
tion of  hojuor,  and  a  title  to  use  it !  When  the  world  becomes  free  and 
enlightened,  such  examples  will  be  adduced  as  illustrations  of  tlie  vaga- 
ries and  inconsistencies  of  the  human  mind ;  and  patents  of  nobility  and 
hereditary  titles  of  honor,  especially  from  such  sources,  will  be  looked 
upon  as  satires  on  science,  on  the  age,  and  on  the  intellect  of  man. 

These  titles  form  the  most  conspicuous  feature  in  that  system  of  impo- 
sition by  which  the  European  world  has  too  long  been  deluded  and  de- 
based ;  and  in  a  political  point  of  view,  the  friends  of  man's  inalienable 
rights,  and  of  the  amelioration  of  his  condition,  will  always  regret,  that 
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scientific  men  sbouldi  have  lent  their  example,  to  sustain  distinctions  that 
are  a  carse  to  the  world.  This  conduct  of  theirs,  perhaps  more  than  any 
other  cause,  tends  to  uphold  despotism  on  the  earth.  Ot  their  influence  in 
this  respect,  modern  despots  are  fully  aware,  and  which  they  evince  by 
their  anxiety  to  enlist  in  dieir  train,  every  man  eminent  in  any  department 
of  the  arts  or  of  science ;  and  many  of  these,  it  is  to  be  deplored,  they  too 
often  tickle  with  a  feather,  or  amuse  with  a  trinket,  while  they  put  a  bridle 
m  their  lips  and  yoke  them  to  their  cars. 

The  lust  after  titles  and  distinctions,  incident  to  monarchical  govern- 
ments, is  in  the  nolitical  and  moral  world,  what  the  scrofula,  or  '  king's 
evil'  is  in  the  physical :  It  destroys  the  healthy  and  natural  organization 
of  society,  taints  its  fairest  features  with  hereditary  disease,  and  renders 
the  whole  corrupt.  I'hc  wisdom  of  the  fathers  of  our  republic  was  not 
more  conspicuous  than  tiieir  virtue,  when  they  denounced  such  titles  and 
distinctions  as  forever  incompatible  with  the  constitution.  Sweep  them 
from  the  earth  and  man  in  the  eastern  hemisphere  would  become  a  regene-  . 
rated  being.  Nations  would  no  longer  be  kept  in  commotion  and  dread, 
nor  their  resources  be  consumed  by  political  and  military  gladiators ;  nor 
would  the  abominable  boast  of  one  people  in  conquering  and  plundering 
anotlier  be  deemed  creditable ;  but  when  peace  and  virtue,  science  and 
the  arts,  would  alone  confer  honor,  and  their  most  distinguished  cultivators 
be  deemed  the  most  noble. 

Plato  was  no  worshipper  of  Dionysius,  nor  Solon  of  Croesus ;  and 
when  the  talented  but  unprincipled  Archelaus  of  Macedon,  drew  numer- 
ous philosophers  around  him,  by  his  wealth  and  the  honors  he  conferred 
on  them,  Socrates  refused  even  to  visit  him  as  long,  said  he,  as  bread 
w  as  cheap  and  water  plenty  at  Athens. 

Although  the  ancient  world  confirmed  the  name  given  to  one  of  the 
constellations  by  Conon,  the  modem  one  refused  to  sanction  a  similar  a! 
tempt  to  designate  the  remotest  planet  in  our  system,  after  the  name  of  a 
king  who  was  remarkable  for  his  iack  of  intelligence — a  bigot — ^and  who,  to 
preserve  his  prerogative,  shed  blood  as  water.  Yet  to  that  man,  and  to 
his  son  and  successor,  who,  if  he  possessed  more  intelligence  than  the  pa- 
rent, was  tlie  grossest  sensualist  oif  the  age,  and  contact  with  whom  was 
pollution,  did  some  of  the  votaries  of  science  kneel  as  to  '  the  fountains 
OF  honor!'  and  to  receive  a  portion  of  it  at  their  hands !  while  a  me- 
chaTiic,  to  whose  glory  it  will  ever  be  mentioned,  could  duly  appreciate 
the  offered  bauble  and  reject  it,  if  not  with  disdain.  James  Watt,  the  ma- 
thema^cal  instrument  maker  of  Glasgow,  the  great  improver  of  the  steam- 
engine,  who  conferred  more  benefits  on  his  country  than  all  the  monarchs 
that  ever  ruled  over  it,  and  all  the  statesmen  and  warriors  which  it  ever 
produced — refused  a  title.  And  who  ever  regretted  that  Milton  was  not 
a  knight,  or  Shakespeare  a  marquis,  or  Franklin  a  lord  ;  or  that  some  of 
the  greateiit  poets  and  philosophers,  philanthropists  and  mechanicians,  that 
ever  lived,  are  known  to  us  simply  as  such,  without  having  had  their 
names  bolstered  up  with  preposterous  appendages!  And  who  ever  sup- 
posed they  were  less  happy  without  them,  less  vigorous  and  successful  lu 
their  researches ;  less  respected  by  contemporaries,  or  less  revered  by 
postenty  ? 

Long  after  these  remarks  were  written,  M.  Arago's  Memoir  of  Watt, 
reached  this  country,  and  on  perusing  it,  we  could  not  but  tmile  at  the  dis- 
appointment expressed  by  the  great  French  philosopher,  that  his  friend 
was  not  made  a  j^^er.  "  When  I  inquired  into  the  cause  of  this  neglect, 
[he  observes,]  what  think  you  was  the  response  1  Those  dignities  of 
which  you  speak,  I  was  told,  are  reserved  for  naval  and  military  officers ; 

19 


146  A  large  Ship  hmU  by  Archimedes  [Book  I 

for  influential  members  of  the  House  of  Commons,  and  for  members  of  the 
aristocracy.  '  It  is  not  the  custom,*  and  I  quote  the  very  phrase*  to  grant 
these  honors  to  scientific  and  literary  men,  to  artists  and  engineers."  He 
adds,  "  so  much  for  the  worse  for  the  peerage."  Well  be  it  so.  In  our 
humble  opinion,  it  is  so  much  the  better  for  the  memory  of  Watt  What 
had  such  a  man  to  do  in  a  house  that  presses  like  an  incubus  on  the  ener- 
gies of  his  country,  and  the  claims  to  a  seat  in  which,  are  too  often  such 
as  are  disgraceful  to  our  common  nature  1  An  infinitely  higher  honor 
awaits  him ;  for  both  Watt  and  his  illustrious  eulogist  are  destined  to  oe* 
cupy  distinguished  stations  in  that  Pantheon,  which  is  yet  to  be  erected, 
wliose  doors  wiU  be  opened  only  to  the  BENEFACTORS  OF  MAN- 
KIND. 


There  are  several  interesting  particulars  mentioned  by  Atheneus,  respect- 
ing the  magnificent  ship  named  the  *  Syracusan/  which  was  built  under  the 
directions  of  Archimedes,  and  to  which  we  have  alluded.  From  the  follow • 
ing  brief  description,  it  will  be  perceived,  that  for  richness  of  decoration ; 
real  conveniencies  and  luxuries,  (for  even  that  of  a  library  was  not  ove> 
looked,)  she  rivaUed,  if  she  did  not  excel,  our  Justly  admired  packets  and 
steam  ships. 

Three  hundred  carpenters  were  employed  in  building  this  vessel,  which 
was  completed  in  one  year.  The  timber  for  the  planks  and  ribs  were 
obtained  partly  from  Alount  Etna,  and  partly  from  Italy  ;  other  materialti 
from  Spain,  and  hemp  for  cordage  from  the  vicinity  of  the  Rhone.  Sha 
was  every  where  secured  with  large  copper  nails,  [bolts]  each  of  which 
weighed  ten  pounds  and  upwards.  At  equal  distances  all  round  the  ex* 
terior  were  statues  of  Atlas,  nine  feet  in  height,  supporting  the  upper 
decks  and  tri glyphs ;  besides  which  the  whole  outside  was  adorned  with 
paintings;  and  environed  with  ramparts  or  guards  of  iron,  to  prevent  an 
enemy  from  boarding  her.  She  had  three  masts ;  for  two  of  these,  trees 
sufficiently  large  were  obtained  without  much  difficulty,  but  a  suitable  one 
for  the  mainmast,  was  not  procured  for  some  time.  A  swine-herd  acci- 
dentally discovered  one  growing  en  the  mountains  of  Bruttia.  She  was 
launched  by  a  few  hands,  by  means  of  a  helix,  or  screw  machine  invented 
by  Archimedes  for  the  purpose,  and  it  appears  that  she  was  sheathed  with 
sh^et  lead.*  Twelve  anchors  were  on  board,  four  of  which  were  of  wood, 
and  eight  of  iron.  Grappling  irons  were  disposed  all  round,  which  by 
means  of  suitable  engines  could  be  thrown  mto  enemies'  ships.  Upon 
each  side  of  this  vessel  were  six  hundred  young  men  fully  armed,  and  an 
equal  number  on  the  masts  and  attending  the  engines  for  dirowing  stones 
Soldiers,  [modem  marines]  were  also  employed  on  board,  and  they  were 
supplied  with  ammunition,  i.  e.  stones  and  arrows,  *by  little  boys  that 
were  below,'  [the  powder  monkies  of  a  modem  man  of  war,]  who  sent 
them  up  in  baskets  by  means. cf  pulleys.  She  had  twenty  ranges  of  oars. 
Upon  a  rampart  was  an  engine  invented  by  Archimedes,  which  could 
throw  arrows  and  stones  of  three  hundred  poi?nd«,  to  the  distance  of  a 
stadium,  [a  furlong]  besides  others  for  deferiCe,  and  suspended  in  chains 
of  brass. 

She  seems  to  have  been  what  is  now  called  '  a  three  decker,'  for  there 
were  *  three  gailerles  cr  corridors,'  from  the  lowest  of  which,  the  sailors 
went  down  by  ladders  to  the  hold.  In  the  middle  one,  were  thirty  rooms, 
in  each  of  which  were  foiir  beds  ;  the  floors  were  paved  with  small  stones 

*  European  ships  were  sheathed  with  sheet  lead  in  the  17th  century,  at  which  time 
lilio  wocnden  sheathing  was  in  vogue.    See  CoUien'  Diet.  Vol.  i.  Art  England 
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of  different  colors,  (mosiucs)  representing  scenes  from  Homer's  Iliad 
The  doors,  windows  and  ceilings  were  finished  with  '  wonderful  art.'  and 
embellished  with  every  kind  ol  ornament.  The  kitchen  is  menticneu  as 
on  this  deck  and  next  to  the  stem,  also  three  large  rooms  for  eating.  In 
the  third  gallery  were  lodgings  for  the  soldiers,  and  a  gymnasium  or 
place  of  exercise.  There  were  also  gardens  in  this  vessel,  in  which 
various  plants  were  arranged  with  taste ;  and  among  them  walks,  propor- 
tioned to  the  magnitude  of  the  ship,  and  shaded  by  arbors  of  ivy  and 
vines,  whose  roots  were  in  large  vessels  filled  with  earth.  Adjacent  to 
these  was  a  room,  named  the  '  apartment  of  Venus,'  the  floor  of  which 
was  paved  with  agate  and  other  precious  stones :  the  walU,  roof  and 
windows  were  of  cypress  wood,  and  adorned  with  vases,  statues,  paint- 
ings, and  inlaid  with  ivory.  Another  room,  the  sides  and  windows  of 
which  were  of  box  wood,  contained  a  library ;  the  ceilings  represented 
the  heavens,  and  on  the  top  or  outside  was  a  sun  dial.  Another  apart- 
ment was  fitted  up  for  bathing.  The  water  was  heated  in  three  largo 
copper  cauldrons,  and  the  bathing  vessel  was  made  of  a  single  stone  of 
variegated  colors.  It  contained  sixty  gallons.  There  were  also  ten  sta- 
bles placec  on  both  sides  of  the  vessel,  together  with  straw  and  com  for  the 
horses,  and  conveniences  for  the  horsemen  and  their  servants.  At  certain 
distances,  pieces  of  timber  projected,  upon  which  were  piles  of  wood 
ovens,  mills,  and  other  contrivances  for  the  services  of  life. 

At  the  ship's  head  was  a  large  reservoir  of  fresh  water,  formed  of  plar.k 
end  pit'*hed.  Near  it  was  a  conservatory  for  fish,  lined  with  sheet  lead, 
and  containing  salt  water;  although  the  well  or  hold  was  exti*emely 
deep,  one  man,  Atheneus  says,  could  pump  out  all  the  water  that  leaked 
intc  h<:r,  by  a  screw  pump  which  Archimedes  adapted  to  that  purpose. 
Thaie  were  probably  other  hydraulic  machines  on  board,  for  the  plants, 
bathing  apparatus,  and  kitchen,  &;c.  The  upper  decks  were  supplied 
'vvi'Ji  water  by  pipes  of  earthenware  and  of  lead ;  the  latter,  most  like- 
ly, extending  from  pumps  or  other  engines  that  raised  the  liquid ;  for  there 
is  reason  to  believe  that  machines  analogous  to  forcing  pumps  were  at 
that  time  known. 

The  '  Syracusan'  was  laden  with  corn  and  sent  as  a  present  to  the 
Krn^  of  E^ypt,  upon  which  her  name  was  changed  to  that  of  the  '  Alex- 
andria.' Magniiicent  as  this  vessel  was,  she  appears  to  have  been  sur- 
passed iy  one  subsequently  built  by  Ptolemy  Philopater ;  a  description 
a£  which  is  given  by  Montfaucon,  in  the  fourth  volume  of  his  antiquities. 

For  the  Spiral  Pump  of  Wirtz,  see  the  end  of  the  3d  Book 
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CHAPTER    XVII. 

Thk  Cbaim  PDMr--Not  nrandoiMd  by  Vitruviiu— Its  rappoaad  oriffiu— ReMnblaiiee  botwMn  it  mni 
Ike  Gonuu  >L  pump— Not  omJ  by  the  Hindooe,  Egyptians,  Greek*  or.  Robujm— Derived  fhim  Chiii»« 
Detcnpuon  of  the  Chinete  Pump  and  the  Tuioos  modes  of  propeliinf  il — Chain  Pump  from  Agricol^— 
Paleraoeter  Pumps—Chain  Pump  of  Bessoo— Old  French  Pump  from  Beiidor — Superiority  of  the  Chi- 
nese Pump—  Carried  by  the  e^paniards  and  Dutch  to  their  Asiatic  possessions— Best  mode  of  makiof 
and  using  it — ^Wooden  Chains — Chain  Pump  in  British  ships  of  war — Dampier— Modem  improvementa 
—Dutch  Pump— Cole's  Pump  and  experiment*— Notice  <^  Chain  Pumps  in  the  American  NaTy— De- 
scription of  tboee  in  the  United  States  Ship  Independence— Chinese  Pump  introduced  into  America  by 
Van  Braam— Employed  in  South  America— Recently  introduced  into  Egypt^— Used  as  a  substitute  ftir 
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The  chain  pump,  although  not  described  by  Vitruvius,  is  introduced  at 
this  place,  because  it  seems  to  be  the  connecting  link  between  the  chain  of 
pots  and  the  machine  of  Ctesibius.  Some  writers  suppose  it  to  be  derived 
from  the  former  ;  nor  is  the  supposition  improbable.  Numerous  local  cir- 
cumstances would  frequently  prevent  the  chain  of  pots  from  being  used 
in  a  vertical  position,  and  when  its  direction  deviated  considerably  from 
the  perpendicular,  some  mode  of  protecting  the  loaded  vessels  while  as- 
cending rugged  banks,  &c.  became  necessary.  An  open  trough  or  wood- 
en gutter  through  which  they  might  glide,  was  a  simple  and  obvious  de- 
vice, and  one  thai  would  occur  to  most  people ;  but  such  a  contrivance 
could  not  have  been  long  in  use  before  the  idea  muoxhave  been  suggested, 
that  pieces  of  plank  or  any  solid  substance  which  would  occupy  the  entire 
widtn  of  the  gutter,  might  be  substituted  for  the  pots,  since  they  would 
obviously  answer  the  same  purpose  by  pushing  the  water  before  them 
when  drawn  up  by  the  chain.  If  this  was  the  pre  cess  by  which  the  transi- 
tion of  the  chain  of  pots  into  the  chain  pump  was  effected,  there  can  be 
little  doubt,  that  old  engineers  soon  perceived  the  auvantages  of  covering 
the  top  of  the  gutter,  and  converting  it  into  a  tube  ;  as  the  machine  could 
then  be  used  with  equal  facility,  in  a  perpendicular,  as  in  aiiy  other 
position. 

It  may  be  deemed  of  little  conseC^uence  to  ascertain  the  circumstances 
which  led  to  the  invention  of  the  chain  pump ;  yet  a  knowledge  of  the 
period  when  this  took  place  would  be  of  more  than  usual  interest,  on  ac- 
count of  the  analogy  between  it  and  the  ordinary  pump,  and  of  the  rela- 
tionship that  appears  to  exist  between  them.  The  introduction  of  a  tube 
through  which  water  is  raised  by  pallets  or  pistons,  is  so  obvious  an  ap- 
proach to  the  latter,  that  it  becomes  desirable  to  ascertain  which  of  them 
Dears  the  relation  of  parent  to  the  other,  err  which  of  them  preceded  the 
other.  But  to  what  ancient  peof/le  are  we  to  look  for  its  authors  ?  Not 
to  the  Hindoos,  or  the  Egyptians,  for  it  is  incredible  that  either  of  these 
people  should  have  lost  it,  if  it  was  ever  in  their  possession.  Its  cheap 
and  simple  construction — its  efficiency  and  extensive  application,  would 
certainly  have  induced  them  to  retain  it  in  preference  to  others  of  less 
value.  Nor  does  it  appear  to  have  been  known  to  the  Greeks  ;  for  their 
navigators  would  never  have  employed  the  screw  as  a  ship  pump,  (as 
Atheneus  says  they  did,)  if  they  had  been  acquainted  with  this  machine. 
Of  all  hydraulic  tube  machines,  the  screw  seems  the  most  unsuitable 
for  such  a  purpose.  It  requires  to  be  inclined  at  an  angle  that  is  not  only 
incouveniont  but  generally  unattainable  in  shipd.     But  if  the  Greeks  had 


dxp.  17.J  Chain  Pump.  149 

the  chain  pump,  the  Romans  would  have  received  it  from  them ;  whereas, 
from  the  silence  of  Vitravius,  it  is  clear  that  his  countrymen  weie  not  ac- 
quainted with  it  As  an  engineer,  he  would  have  been  sensible  of  its 
value,  and  would  have  preferred  it  iu  many  cases,  in  raising  water  from 
cofler-dams,  docks,  &c.  to  the  tympanum  and  noria,  which  he  informs  us 
were  employed  in  such  cases.*  Arch.  Book  v.  Cap.  12.  Moreover,  if  it 
was  employed  by  the  B^mans,  it  would  have  been  preserved  in  use,  as 
well  as  other  machines  for  the  same  purpose,  eitlier  in  Europe  or  in 
their  African  or  Asiatic  possessions ;  but  We  have  no  proof  of  its  use  at 
all  in  any  of  the  latter,  nor  yet  in  the  former,  till  comparatively  modern 
times. 

But  if  the  origin  and  improvement  of  the  chain  pump  is  due  to  one 
nation  more  than  another,  to  whom  are  we  indebted  for  it  ?  To  a  people 
as  distinguished  for  their  ingenuity  and  the  originality  of  their  inventions, 
as  for  their  antiquity  and  the  peculiarity  of  many^  of  their  customs ;  and 
who  by  their  system  of  excluding  all  foreigners  from  entering  the  country 
have  long  concealed  from  the  rest  of  the  world  many  primitive  contrivan- 
ces, viz.  the  Chinese.  This  singular  people  appear  to  have  had  little 
or  no  communication  with  the  celely^ted  nations  of  antiquity,  a  cir- 
cumstance to  which  their  ignorance  oi  the  chain  pump  may  be  attribut- 
ed. This  machine  has  been  used  in  China  from  time  immemorial,  and 
as  connected  with  their  agriculture,  has  undergone  no  change  what- 
ever. The  great  requisites  in  their  husbandry  "are  manure  and  wa- 
ter, and  to  obtain  these,  all  their  energies  are  devoted."  Of  such  im- 
portance is  this  instrument  to  irrigate  the  soil,  that  every  laborer  is  in 
possession  of  one  ;  its  use  being  '*  as  familiar  as  that  of  a  hoe  to  every 
Chinese  husbandman/'  **  an  implement  to  him  not  less  useful  than  a  spade 
to  an  European  peasant."  It  is  worthy  of  remark  too,  that  they  often  use 
it,  in  what  may  be  supposed  to  have  been  its  original  form,  viz.  as  an  open 
gutter ;  a  circumstance  which  serves  to  strengthen  the  opinion  of  its  origin 
and  ereat  antiquity  among  them.  Like  the  peculiarity  of  their  compass, 
which  with  them  points  to  the  south,  it  is  a  proof  of  their  not  having  received 
it  from  other  people.  "  The  Chinese  [observes  Staunton]  appear  indeed 
to  have  strong  claims  to  the  credit  of  having  been  indebted  only  to  them- 
selves for  the  invention  of  the  tools,  necessary  in  the  primary  and  neces 
sary  arts  of  life ;  these  have  something  peculiar  in  their  construction,  some 
dinerence,  often  indeed  slight;  but  always  clearly  indicating  that,  whether 
better  or  worse  fitted  for  the  same  purposes  as  those  in  use  iu  other  coun- 
tries, the  one  did  not  serve  as  a  model  for  the  other."** 

But  the  general  form  of  chain  pumps  in  China  is  that  of  a  square 
tube  or  trunk  made  of  plank ;  and  of  various  dimensions  acccording  to 
tlie  power  employed  to  work  them.  Those  thai  are  portable,  with  one 
of  which  every  peasant  is  furnished,  are  commonly  six  or  seven  inches  in 
diameter,  and  from  eight  to  ten  feet  in  length.  Some  are  even  longer,  for 
Van  Braam,  who  was  several  years  in  China,  and  who,  as  a  native  of  Hol- 
land, was  a  close  observer  of  every  hydraulic  device,  when  speaking  of  them, 
remarks,  that  "  they  use  them  to  raise  water  to  the  height  of  ten  or  twelve 
feet ;  a  single  man  works  this  machine,  and  even  carries  it  wherever  it  is 
wanted,  as  I  have  had  occasion  to  remark  several  times  in  the  province  ot 
Quan^toiig  near  Vampou."^  A  small  wheel  or  rol'ier  is  attached  to  each 
end  of  the   trunk,  over  which  an  endless  chain  is  passed.     Pallets,  or 


•  It  was  preferred  by  the  architect  of  Black  Frian  Bridge,  London,  to  raise  the  watef 
from  the  Caissons. 
i»  EmbaMy  to  China.     I^n.  1798.    Vol.  iii,  102. 
«  Embaasj  of  the  Dutch  £.  I.  Company     Lon  1798.    Vol.  i,  75 
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■qnare  pieces  of  plank,  fitted  so  eu  to  fill  (like  tlie  piston  of  &  comrnor 
pump)  the  bore  of  the  tobe,  are  secured  to  the  chain.  When  the  machinA 
IS  to  be  used,  one  end  of  the  trunk  is  placed  in  the  water,  snJ  the  othe. 
rests  on  the  bank  over  which  it  is  to  be  raised.  The  np[>er  wheel  or  rolle' 
is  put  in  motion  by  a  crank  applied  toitsaxle,  and  the  palletsaa  they  asceno 
the  trunk,  push  the  water  that  enters  it  before  ihem,  till  it  is  discbargeO 
above.  In  machines  of  this  desci-iption  one  half  of  the  chain  is  alvrayi< 
outside  of  die  tube  and  exposed  to  view,  but  in  others  the  trunk  is  divided 
by  a  plank,  so  as  to  form  two  separate  tubes,  one  above  another,  and  hence 
the  chwn  rises  in  the  lower  one  and  returns  down  the  upper.  These 
pumps  ore  repreaenled  ba  exceedingly  efFecIive,  delivering  a  volume  of 
water  equal  to  the  bore  of  the  trunk.  Whenever  a  breach  occurs  in  one 
of  their  canals,  or  repairs  are  to  be  made,  hundreds  of  the  neighboring 
peasants  are  summoned  to  the  work,  and  in  a  few  hours  will  empty  a  largf 
section  of  it  by  these  machines. 

When  a  pump  is  intended  to  raise  a  great  quonnty  of  water  at  once,  it 
is  made  proportionably  larger,  and  is  moved  by  a  very  simple  tread  wheel 
or  rather  by  a  series  of  wooden  arms  projecting  :rom  various  parts  of  i 
lengthened  axle,  which  imparts  motion  to  the  chun,  as  represented  In  'ha 
figure. 


These  arms  are  shaped  like  the  letter  T,  and  the  upper  side  of  each  is 
made  smooth  for  the  fool  to  rest  on.  The  axle  turns  upon  two  upright 
pieces  of  wood,  kept  steady  by  a  pole  stretched  across  them.  The  ma- 
chine being  fixed,  men  treaiding  upon  the  projecting  arms,  and  suppo'rting 
themselves  upon  the  beam  across  the  uprights,  communicate  a  rotary  mo- 
tion to  the  chain,  the  pallets  attached  to  which  draw  up  a  constant  and 
copious  stream  of  water.  Another  mode  of  working  them,  which  Staun- 
ton observed  only  at  Chu-san,  was  by  yoking  a  buffalo,  or  other  animal,  to 
K  large  horizontal  co(i  wheel,  working  into  a  vertical  one  fixed  nn  llin 
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iame  shaft  with  the  wheel  that  imparts  motion  to  the  chain,  as  represent- 
ed in  figures  49  and  54.*  The  description  of  this  machine  by  Staunton  is 
similar  to  that  previously  given  by  the  missionaries,  and  they  enumerate  the 
various  modes  of  propelling  it  which  he  has  mentioned.^  But  Nieuhoff, 
with  the  characteristic  sagacity  of  his  countrymen,  noticed  either  these,  or 
some  other  machines  for  the  same  purpose,  propelled  by  toind.  When 
, speaking  of  the  populous  city  of  Caoyeu,  and  its  environs,  he  observes, 
**  they  boast  likewise  of  store  of  windmills,  whose  sails  ,are  made  of  mats. 
The  great  product  of  the  country  consists  of  rice,  which  the  peasant 
stands  obliged  to  look  after  very  narrowly,  lest  it  perish  upon  the  ground 
by  too  much  moisture,  or  too  much  heat  and  drought.  The  windmills^ 
therefore,  are  to  draw  mU  the  water  in  a  moist  season,  and  to  let  it  in  as 
they  think  fit."  That  part  of  the  country,  he  continues,  is  "  full  of  such 
mills."  Several  of  them  are  represented  in  a  plate,  but  without  showing 
the  pumps  moved  by  them.® 

These  were-  very  likely  to  elicit  the  notice  of  a  Dutchman ;  for  draining 
mills.  Worked  by  horses  and  wind,  have  been  used  in  Holland  since  the 
14th  century.  They  consisted  however  principally  of  the  noria  and 
chain  of  pots. 

It  is  uncertain  when  the  chain  pump  was  first  employed  in  Europe ; 
whether  it  was  made  known  by  Marco  Paulo,  Ibn  Batuta,  or  subsequent 
travelers  in  China,  or  was  previously  developed  and  introduced  into  use, 
independently  of  any  information  from  abroad.  An  imperfect  machine  is 
described  by  several  old  authors.  This  was  a  common  pump  log,  or 
wooden  cylinder  placed  perpendicularly  in  a  well ;  its  upper  end  reach- 
ing above  the  level  to  which  the  water  was  to  be  raised,  and  having  a 
lateral  spout,  as  in  ordinary  pumps,  for  the  discharge.  A  pulley  was  se- 
cured to  one  side  of  the  log  near  the  lower  orifice,  and  a  drum  or  wheel 
above  the  upper  one.  One  end  of  a  rope  was  let  down  the  cylinder,  and 
after  being  passed  over  the  pulley  was  drawn  up  on  the  outside,  and  both 
ends  were  then  spliced  or  united  over  the  drum.  To  this  rope,  a  number 
of  leathern  baffs  or  stufied  globular  cushions  were  secured  at  regular  dis- 
tances. The  diameter  of  each  was  equal  to  the  bore  of  the  cylinder.  Ribs 
were  nailed  across  the  periphery  of  the  drum,  and  between  these,  the 
cushions  were  so  arranged  as  to  fall,  in  order  to  prevent  the  rope  from 
slipping.  When  the  drum  was  put  in  motion,  the  cushions  entered  in  suc- 
cession the  lower  orifice  of  the  pump,  (which  was  two  or  three  feet  below 
the  surface  of  the  water,)  and  pushed  up  the  liquid  before  them,  till  it  es- 
caped through  the  spout. 

Machines  of  this  description  w^ere  formerly  employed  in  mines  ;  chains 
of  iron  being  substituted  for  the  ropes,  and  sometimes  globes  of  metal  in 
place  of  the  cushions.  The  latter  are  figured  by  Kircher  in  his  Mundus 
Subierraneus,  Tom.  ii,  194.  Among  the  earliest  of  modem  authors 
who  have  deccribed  these  pumps  is  Agricola.  He  has  given  five  differ- 
ent figures  of  them,  but  they  differ  merely  in  the  apparatus  for  working 
them,  according  to  the  power  employed,  whether  of  men,  animals,  or  water 
The  following  cut,  No.  %^  is  from  his  *  De  Re  Metallica.'  It  exhibits  two 
separate  views  of  the  lower  end  of  the  pump,  showing  the  mode  of  attach- 
*ing  the  pulley,  and  the  passage  of  the  rope  and  cushions  over  it.  From  the 
resemblance  of  the  chains  or  ropes  and  cushions,  to  the  rosary^  or  string 
of  beads  on  which  Roman  catholics  count  their  prayers,  these  machines 


>  Staunton,  Vol.  iii.  315.    •>  Dulialde's  China.  Paris,  1735   Tom.  ii.  66,  67. 
«  Ogilvy's  Translation.  Lon.  1673,  pp.  S4,  85— and  Histoire  G6n6rale.  Amsterd'vn. 
r49.    Tom.  viii,  81, 88. 


bacama  known  u  '  Patentotter  puropa.'     For  tLe  s&me  reaion  diejr  an 
darned  Chapdet  by  the  Frencli,  in  common  with  the  chain  of  pota. 
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The  next  author  who  describes  these  pumps,  that  has  fallen  in  our  way, 
is  Bctioit.  Plate  60,  of  his  '  Theatre  Des  Instrumens,'  is  a  representatioi: 
of  a  double  one.  Two  cylinders  are  placed  parallel  to  each  other,  so  that 
the  chain  posset  through  both.  It  is  shown  as  worked  by  wind,  A  ver- 
tical shaft  with  soils  is  secured  under  the  dome  of  an  upen  tower  ;  o  cog 
wheel  on  the  lower  end  of  the  shaft  turns  a  trundle  or  Tiinion  which  is  fix- 
ed on  the  horizontol  axle  of  the  drum,  that  carries  the  c^n.  Thus,  when 
the  wind  turned  the  sails,  water  was  raised  through  one  {^f  the  cylinders, 
and  when  their  motion  was  reverstMi  by  change  of  the  wind,  the  liquid  was 
elevated  in  the  other.  Tnsiead  of  stuffed  cuHbions,  as  iii  the  preceding 
figure,  pistons,  resembling  somewhat  those  of  lire  engines,  or  forcing 
pumps,  1.  e.  double  cupped  leathers  are  shown,  /"'  Coqniiia  Jbnd  centre 
find,^)  the  earliest  instance  of  their  use  that  we  have  met  with.  Bessoa, 
who  appears  to  claim  the  addition  of  the  second  cylinder  as  an  improve 
ment  of  his  own,  was  a  French  mathematician  and  mechanician,  and 
■pent  a  great  part  of  his  life  in  mechanical  researches  ;  in  the  prose- 
cution of  which  he  visited  foreign  countries.  His  '  Theatre'  C<intains 
such  devices  as  he  collected  abroad  as  well  as  those  invented  by  himself. 
It  was  published  at  Lyons,  with  commentaries,  after  his  decease,  by 
Beroald,  but  the  privilege  to  print  was  accorded  to  himself,  ten  years  pre- 
vious to  the  date  of  its  publication,  i.  e,  in  1568.* 

Kircher  also  figures  the  chain  pump  with  two  cylinders.  The  imper- 
fect mechonism  and  enormous  friction  of  these  old  machines  confined 
their  application  to  a  limited  extent  in  Eurnne  during  the  16th  and  17th 
centuries.  Desaguliers  left  them  unnoticed  ;  and  at  the  *ime  Switser 
wrote  (1729)  they  had  been  discontinued  in  England.  "I  might  (he  ob- 
serves) from  Bockier  and  others,  hove  produced  almost  an  innallonjinber 

■  Bsjle,  in  bii  diclionsrj,  uji  Beroald  wai  twentj-two  yean  of  age  when  he  pgbliih- 
cd  "KiiDe  commentarlei  on  the  Diechmici  of  Jsmei  Beraoii;  bat  he  bid  scanM  trwd 
hia  foruine  Ihal  (var  wben  be  ran  after  the  pbilaepbcT'i  ■tone." 
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of  drafts  of  engines,  wliich  are  placed  under  the  terms  Budromia  and 
Hydmtechnema,  &c.  the  firat  signifying  the  methods  of  raising  water  by 
buckets ;  and  the  other  by  glol-es  or  figures  of  any  regular  shape,  fixed 
tu  a  rope,  which  rope  being  fasiened  at  each  end,  and  passing  through  an 
elm  or  odier  pipe,  which  reachea  from  the  bottom  of  a  well  to  thfi  height 
to  which  tlie  water  L'  to  be  conveyed,  brings  up  the  water  with  it ;  nut 
these  kin  J  cf  engines  Vin^- on/ (/Sate,  I  shall  pass  over  thera."*  Belidor 
has  described  one  that  was  used  in  the  ship  yards  and  docks  at  Marseilles, 
which  is  represented  in  No,  66.  The  lower  pulJey  was  dispensed  with  ; 
u)d  the  face  of  the  pallets  or  pistons,  which  were  heniisiiherea  of  wood 
were  leathered.  It  was  worked  by  two  galley  slaves,  who  were  relieved 
.,  every  hour. 
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Such  appears  to  have  been  the  general  constructiiiti  or  the  chain  pump 
in  Earope,  until  an  increasing  intercourse  with  the  Chinese  led  to  the  in- 
troduction of  the  machine  as  made  by  that  people.  The  credit  of  this 
is,  we  believe,  due  to  the  Dutch.  From  the  peculiar  location  of  Holland 
with  regard  (o  the  sea,  hydraulic  engines  have  at  all  times  been  of  too 
much  importance  to  escape  the  examination  of  hor  intelligent  travelers. 
But  it  perhaps  will  be  said,  there  is  no  essential  or  very  obvious  distinction 
between  the  old  chain  pump  of  Europe  and  that  of  China :  admitting  this, 
Slill  there  must  have  been  something  peculiar  either  in  the  construction  or 
mode  of  working  the  latter,  to  have  produced  the  superior  results  ascrib- 
ed to  them  ;  and  to  have  elicited  the  admiration  of  the  Jesuits  and  all  the 
early  travelers  in  China.  No  stronger  proof  of  their  superiority  need  bo 
adduced,  than  the  fact  of  their  being  carried  in  the  17th  century  from 
China  to  Manilla  by  the  SpamanU,  and  to  Batavia  by  the  Dutch^  Hence 
they  were  previously  unknown  in  those  parts  of  Asia,  as  much  so  as  in 
Holland  and  Sp«in.  Navarrelte  mentions  them  with  great  praise  :  he 
tJiought  there  was  not  a  better  invention  in  the  world  to  draw  water  from 
wells  and  tanks'  And  GamelU  (in  1695)  describes  them  as  machines, 
which,  in  his  opinion,  Chinese  ingenuity  alor.e  could  invent.'  Montanus 
mentioned  them  ap  novel.  He  describes  one  as  an  "  engine  made  of  four 
square  plank,  holding  great  store  of  water,  which   with   iron   chains,  they 

^HvdnMlatiolu  313.  ^HistoiieGinlrale.Tom.Tiii.ei.  'Ibid.   *  Ibid,  Tom.  vii,  tM7 
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hale  up  like  buckets."*  How  such  intelligent  men  as  the  Jesuits  undoubl* 
edly  were,  oould  use  such  language,  if  an  effective  chaic  pump  was  then 
known  in  Europe,  it  is  difficult  to  conceive. 

Although  the  Chinese  pump  has  been  mentioned  by  all  travelers,  no 
one  has  entered  sufficiently  into  details,  to  enable  a  mechanic  to  realize  the 
construction  of  tho  chain — mode  of  fixing  the  pallets — where  chey  are 
attached  to  it,  (m  the  centre,  or  on  one  side,)—- nor  how  they  are  car- 
ried over  the  whovlf  or  rollers.  One  cause  of  the  superiority  of  these 
oriental  machines  o  'ir  those  of  Europe,  was  the  small  degree  of  fric- 
tion from  the  rubbing  v'k'  the  pallets,  when  parsing  through  the  trunk ,  wood 
sliding  readily  over  wood  when  both  are  wet :  another  was  the  accuracy 
with  which  the  working  pur*s  were  made.  The  experience  of  ages,  and  the 
immense  number  of  worLn^n  constantly  employed  in  fabricating  them, 
through  every  part  of  the  empit  %had  brought  tbem  to  great  perfection :  but 
the  position  in  which  they  are  ^  vked,also  contributed  to  increase  the  quan- 
tity of  water  raised  by  them,  for  ex  '*-ept  in  particular  locations,  they  are  al- 
ways inclined  to  the  horizon,  as  sho'Vi\  in  No.  64.  Now  it  has  been  ascer- 
tained that  to  construct  and  use  a  chain  y  ump  to  the  best  advantage,  the  dis- 
tance between  the  pallets  should  be  equsii  ti  ^eir  breadth,  and  the  inclination 
of  the  trunk  about  24°,  21'.  When  thus  a.T.^nge'i,  according  to  Belidor,  it 
produces  a  maximum  effect.^  The  author  just  named  speaks  of  one  at 
Strasburgh,  the  chain  of  which  was  made  of  'voo^,  which  being  light 
and  flexible,  was  very  efficient,  requiring  mud  les-^  labor  to  work  it  than 
those  in  which  the  chains  were  iron.  This  leads  ur  to  a  remark  which 
we  do  not  recollect  to  have  seen  in  any  English  work,  viz.  ^hat  in  most 
if  not  in  all  the  Chinese  smaller  pumps,  the  chains  are  of  rhat  material. 
One  of  them  is  thus  described  by  tho  Jesuits  :  "  Une  machine  hydraulique 
dont  le  jeu  est  aussi  simple  que  la  composition.  Elle  est  compos^e  d*un^ 
chaine  de  bois,  ou  d'une  sorte  de  chapelet  de  petites  planches  quarrees  do 
six  ou  sept  pouces,  qui  sent  comme  e^filee  parallelement  a  d'egales  dis- 
tances.    Cette  chaine  passe  dans  un  tube  quarre,"  &c.® 

In  the  latter  part  of  the  17th  century,  chain  pumps  we^  used  ir 
British  men-of-war.  In  Dampier's  Voyage  to  New  Holland  in  the  *  Roe. 
buck,'  a  national  vessel,  he  mentions  one.  This  ship  on  returning  home 
sprung  a  leak  near  the  Island  of  Ascension)  and  the  water  poured  in  sc 
fast,  he  relates,  that  "  the  chain  pump  could  not  keep  her  free — I  Ret  the 
hand  pump  to  work  also,  and  by  ten  o'clock,  sucked  her — I  wore  Uie  ship 
and  put  her  head  to  the  southward,  to  try  if  that  would  ease  her,  and  on 
that  tack  the  cAam  ^971^  just  kept  her  free."  English  ships  of  war  now 
carry  four  of  those  pumps,  and  three  common  ones,  all  fixed  in  the  same 
well ;  whereas  it  would  appear  from  Dampier,  that  they  had  formeily  but 
one  of  each.  "  In  the  afternoon,  (he  observes,)  my  men  were  all  employed 
pumping  with  hoth  pumps."  Shortly  afterwards  the  ship  foundered.*  The 
vessels  of  Columbus  were  furnished  with  pumps ;  and  so  were  those  of 
Magalhanes  ;  but  these  were  probably  the  common  instruments  referred  to 
above  as  '  hand  pumps.'* 

In  Dampier's  time  chain  pumps  were  very  imperfect.  The  chain,  and 
the  wheel,  which  carried  it,  were  inaccurately  and  badly  made ;  hence 
when  the  machine  was  worked,  the  former  was  constantly  liable  to  slip 
over  the  latter ;  and  the  consequent  violent  jerks,  from  the  great  weight 
of  the  water  on  the  pallets,  often  burst  the  chain  asunder,  and  under  cir- 


*  Atlafl  Chinensifl,  tranitlated  by  Ogilvy.     Lon,  1671,  pRge_67o. 
^  Arch.  Hydratilique,  Torn,  i,  w3.    «Hit     ' 


[istoire  G^n^rale,  Tom.  viii,  82,  and  Duluilde 
Tom.  ii,  66.    '  Dampier's  Voyages,  Vol.  iii,  191,  193. 
*Irviiig's  Columbus  Vol  ii,  127,  and  Buniey'a  Voyages,  Vol.  i,  119 
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cumstances  whicb  rendered  it  difHcult  and  sometimes  impossible  to  repair 
it.  These  defects,  which  in  some  cases  led  to  the  loss  of  vessels  and  of  hu- 
man life,  at  length  excited  the  attention  of  European  mechanics,  and  in 
the  following  century,  *  numerous  projects  were  brought  forward  to  im- 
prove the  chain  pump,  or  to  supersede  it.  In  1760,  Mr.  Abbot  invented  a 
ship  pump,  which  was  represented  as  of  a  very  simple  construction,  and 
which  threw  '*  five  bundled  hogsheads  of  water  in  a  minute ;  [!]  the 
handle  by  which*  it  is  worked,  is  in  the  manner  of  a  common  winch, 
which  turns  with  the  utmost  facility  either  to  the  right  or  the  left."*  In  the 
following  year,  the  States  of  Holland  granted  to  M.  Liniere,  "  an  exclusive 
privilege  tor  twenty- five  years,  for  a  pump,  which  upon  trial  on  board  a 
Dutch  man-of-war,  cmd  in  the  presence  of  the  commissioners  of  the  ad- 
miralty, being  worked  by  three  men,  raised  from  a  depth  of  twenty-two 
feet,  four  tons  of  water  in  a  minute,  that  is,  240  tons  of  water  in  an  hour."^ 
In  1768»  Mr.  Cole  introduced  some  considerable  improvement^  in  English 
ship  pumps  An  experiment  made  in  tkat  year  is  very  interesting,  as  it 
shows  the  imperfections  of  the  old  ones,  especially  the  enormous  amount 
o{  friction  to  which  they  were  subject.  "  Lately,  a  chain  pump  on  a  new 
construction  was  tried  on  board  his  Majesty's  ship  Seaford^  in  Block 
House  Hole,  which  gave  great  satisfaction.  There  were  present.  Admiral 
Sir  John  Moore,  a  number  of  sea  officers  and  a  great  many  spectators 
The  event  of  the  trial  stands  thus  : 


The  New  Pump,  Mr.  CM  a  : 
Four  men  pumped  out  one  ton  of 

water  in  43^  seconds. 
Turo  men  pumped  out  one  ton  in 

55  seconds." 


The  Old  Pump : 
Seven  men  pumped  out  one  ton 

in  76  seconds. 
Four  men  pumped  out  one  ton 

in  55  seconds. 
Two  men  could  not  move  itJ*^ 


The  chain  in  Cole's  pump  was  made  like  a  watch  chain,  or  those  which 
communicate  motion  to  the  pistons  of  ordinary  fire  engines,  i.  e.  every 
other  link  was  formed  of  two  plates  of  iron,  whose  ends  lapped  over 
(hose  of  a  single  one,  and  secured  by  a  bolt  at  each  end.  These  bolts 
formed  a  joint  on  which  they  moved ;  but  instead  of  their  ends  being 
riveted>  one  was  formed  into  a  button  head,  and  a  slit  made  through  the 
other,  for  the  admission  of  a  spring  key,  so  that  they  could  be  taken  out 
at  pleasure.  By  this  device,  whenever  a  link  or  bolt  was  broken  or  worn 
out,  another  one,  from  a  store  of  them  kept  on  hand  for  the  purpose,  could 
De  supplied  in  a  fev.  moments.  In  some  experiments,  the  chain  was  pur- 
posely separated,  and  dropped  into  the  well  in  a  ship's  hold,  whence  it 
was  taken  up,  repaired,  ana  the  pump  again  set  to  work  in  two  minutes. 
Chains  similar  to  these  had  been  previously  employed  by  Mr.  Mylne  in 
the  pumps  that  raised  the  water  from  the  caissons  at  Black  Friars  Bridge. 

The  pistons  were  formed  of  two  plates  of  brass  or  iron,  having  a  disk  of 
thick  leather  between  them,  of  the  same  diameter  as  the  bore  of  the  pump. 
The  edges  of  the  leathers,  when  wet,  do  not  bear  hard  against  the  sides  of 
the  pump  ;  indeed  it  is  not  necessary  that  they  should  even  touch ;  for  the 
water  that  escapes  past  one,  is  received  into  the  next  compartment  below ; 
and  when  a  rapid  motion  is  imparted  to  the  pistons,  the  inertia  of  the  mov- 
ing column  prevents  in  a  great  measure  any  from  descending.  The  wheel 
which  carries  the  chain  is  generally  made  like  the  trundles  in  mills,  viz. 
two  thin  iron  disks  or  rings  are  secured  about  eight  or  nine  inches  apart, 
apon  the  axle,  and  are  dnited  by  several  bolts  at  their  circumference.   The 


•  London  Ma^^ine  for  1760,  p.  321     ^  Ibid.  1762,  p  283.    « Ibid.  1768,  p.  49l». 
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distftiice  between  these  bolu  is  such  that  the  pisloni  fall  ir.  betweea 
them,  and  are  carried  round  oy  them.  Sometimes  however,  the  links 
have  honks,  which  take  bold  of  the  bolts.  A  lower  wheel  is  now 
dispensed  with,  and  the  end  of  the  pump  slightly  curved  lovvards  the 
descending  chain,  to  facilitate  the  entrance  of  the  pistons.  These  ma- 
chitiea  are  generally  worked  in  ships  of  war  by  means  of  a  long  crank 
attached  to  the  axle,  at  which  a  number  of  men  ean  work.  In  some  ve« 
sels  they  are  moved  by  a  capstan.*  The  pump  (-vlindefa  are  of  iron,  aimi 
sometimes  of  brass,  tbe  latter  being  inclosed  within  and  protected  t-y 
wooden  ones. 


No.n;   CtatePmipUiktO.&nilphdtpudaH. 

For  the^oltowinr  facts  connected  with  the  use  of  the  cbain  pump  la 
the  United  States  Navy,  wo  are  indebted  to  Mr.  Hart,  Naval  Constructor 
iu  the  New-York  Navy  Yard.  The  firet  United  Slates  ship  of  war, 
which  had  one,  was  the  '  Botton'  built  at  Boston,  in  1799.  Mr.  Hart's 
father  made  the  pump.  The  chain  was  formed  of  common  ox  chains, 
and  the  wheel  which  carried  it  was  of  wood,  having  forked  pieces  of  iron 
driven  into  its  periphery,  between  which  tbe  chain  was  received  :  the  cyl- 
inders were  common  pump  logs  of  six  inches  bore.  This  imperfect  ma- 
chine was  replaced  the  following  year,  by  one  formed  aAer  a  French 
model,  the  cham  and  cylinders  being  of  copper.  In  1802,  the  Frigate  U>n- 
tfittUioii  had  two  similar  ones  placed  in  her  ;  and  about  the  same  lime, 
diey  were  adopted  in  other  public  vessels;  but  in  the  course  of  a  few 
years  were  discontinued  generally,  either  from  the  prejudice  of  the 
seamen,  or  from  the  increa«ed  labor  and  expense  of  repairing  the  pit- 
tons.     In  ordinary  pumps,  a  single  box  or  piston  only,  has  to  be  re-iealh- 

•The  tumIi  or  Ibe  exploring  eipedition  sent  onl  by  ihe  Brilish  BiiuiiriiUjF,  undar  Iha 
eomtnind  of  Cipt  Owen,  had  their  chain  pumps  filled  to  work  by  the  capalaD,  uadal 
the  impreuiaii  that  it  was  a  more  ecnnonircBl  mode  Ihan  ihe  crank,  of  sppl^lDi  per 
■ODol  labor.  '  Narrative  of  Voyagrt  ID  explore  the  aLoiei  of  Arrica,  Arabia  and  Uada 
(SKu,  in  1S2V  Vol  i,  p.  14,  N.Yorb  Ed.  1833. 
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ered ;  but  in  the  chain  pump,  from  thirty  to  fifty  have  to  be  renewed 
when  worn  out.  The  chain  pumps  in  the  British  sloop  of  war  Cjfans 
wei-e  taken  out  when  she  was  captured,  and  common  pumps  put  in 
their  place.  Recently  a  change  of  opinion  respecting  these  pumps  has 
taken  place,  for  within  a  few  years  they  have  to  a  limited  extent  been  re- 
introduced into  the  navy.  In  1837,  the  IndcpendeTice  was  furnished  with 
two  of  them ;  and  in  1838,  the  same  number  were  p'aced  in  the  Ohio : 
both  vessels  still  retain  the  ordinary  pumps. 

A  description  of  one  of  those  on  board  the  Independence,  which  is  now 
fitting  for  sea  in  this  harbor,  will  give  a  correct  idea  of  them  all.    See  No.  67. 

Two  copper  cylinders,  seven  inches  diameter,  and  about- twenty -two 
feet  long,  extend  from  the  surface  of  the  main  gun-deck  to  the  well.  The 
one  in  which  the  chain  descendsy  is  continued  ten  or  twelve  inches  above 
the  deck  to  prevent  the  wate^  that  is  raised,  from  returning  through  it 
again  to  the  well.  A  horizontal  wrought  iron  shafl  is  placed  between  the 
cylinders  and  supported  by  a  stout  frame  on  which  its  journals  turn.  On 
this  shaft,  a  strong  cast  iron  wheel,  two  feet  in  diameter,  is  secured,  having 
twelve  arms  radiating  like  the  spokes  of  a  carriage  wheel  from  the  hub.  A 
(No.  67)  represents  two  of  these  arms  with  a  portion  of  the  shaft.  A  re- 
cess is  formed  at  the  extremities  to  receive  the  chain,  and  prevent  it  from 
slipping  off  on  either  side.  Figs.  1  and  2,  represent  the  links.  They  are 
of  copper,  seven  inches  long,  one  and  a  half  inch  wide,  and  one  quarter 
of  an  inch  thick,  and  are  similar  to  those  in  Cole's  pumps.  The  pallets  or 
pistons  are  formed  on  the  middle  of  every  alternate  link ;  that  is,  on  those 
which  are  made  of  a  single  piece.  A  circular  plate  about  a  quarter  of  an 
inch  thick,  is  cast  (see  fig.  1,)  of  a  diameter  rather  less  than  the  bore  of 
the  cylinders.  Another  loose  plate  of  the  same  dimensions  (fig.  3,)  has 
an  opening  in  its  centre  to  allow  it  to  pass  over  the  link  and  lay  upon  the 
other.  Between  these,  a  disk  of 'leather  is  introduced,  i.  e.  a  circular 
piece  just  like  fig.  3,  but  of  a  diameter  equal  to  the  bore  of  the  cylinder. 
This  is  first  placed  on  the  fixed  plate  in  fig.  1,  then  fig.  3  is  laid  over  it, 
and  to  secure  the  whole,  a  key  or  wedge  is  driven  through  a  slit  in  the 
link,  just  above  the  surface  of  fig.  3,  and  thus  compresses  tlie  leather  be- 
tween them.  When  the  pumps  are  used,  long  cranks  are  applied  to  each 
end  of  the  shaft,  so  that  fifteen  or  twenty  men  can  be  engagea  at  the  same 
time  in  working  them.  In  the  Independence,  these  cranks  extend  across  the 
deck,  and  thereby  interrupt  the  passage  way.  They  should  in  all  public 
vessels  be  arranged,  if  possible,  '  fore  and  aft.'  The  arrows  show  the  di- 
rection of  the  chain. 

The  introduction  of  the  chain  pump  into  ships  is  probably  due  to  the 
Chinese,  as  they  use  it  in  their  sea  junks;  and  it  is  not  likely  that  this  ap- 
plication of  it  is  of  recent  date  among  them.*  The  early  missionaries 
thought  that  buckets  only  were  employed  in  raising  bilge  water  from 
the  holds.  It  is  not  much  used  we  believe  in  the  French  navy.  In  the 
Dictionnaire  de  Trevoux,  it  is  named  the  English  pump. 

The  Chinese  chain  pump  was  introduced  into  the  United  States  by 
Andre  EveraVd  Van  Braam,  who  was  several  years  chief  of  the  Dutch 
East  India  Company  in  China,  and  who  settled  in  South  Carolina  at  the 
close  of  the  revolutionary  war.  In  1794,  he  was  appointed  second  in  the 
Dutch  embassy  to  Pekin,  and  in  1796,  he  returned  and  settled  near  Phila- 
delphia. In  his  account  of  the  embassy,  a  translation  of  which  was  pub- 
lished at  London  in  1798,  and  dedicated  by  him  to  General  Washington, 
and  to  which  we  have  heretofore  referred — ^he  remarks,  speaking  of  the 

Jl L_L         -      -  I.  -■  I        I      I      I  ■■  _  .      .  _     ■  * 

•  <Thii  Chinese,*  by  J.  F.  Davis,  vol.  ii,  290 


158  Chinese  Ship-huilding.  [Book  I 

Chinese  pumps,  "I  have  introduced  the  use  of  them  into  the  United 
States  of  America,  where  they  are  of  great  utility  in  rivers,  in  conse- 
quence of  the  little  labor  they  require."  (Vol.  i,  74.)  We  are  not  aware 
that  they  are  much  used  in  this  country  at  the  present  time.  The  chain 
pump  is  employed  in  the  diamond  districts  of  Brazil.  M.  Mawe,  in  his 
Travels,  has  figured  and  described  it  as  used  there.  It  has  also  been  re- 
cently introduced  into  Egypt,  where  it  is  more  likely  to  become  domi- 
ciliated, than  tiie  atmosphenc  and  forcing  pump,  which  Belzoni  endeavored 
in  vain  to  establish ;  although  St.  John  seems  to  think  even  it  is  rather 
too  complex  for  the  present  state  of  the  mechanic  arts  in  the  land  of  the 
Pharaohs.  '**  Windmills  for  raising  water,  and  chain  pumps,  have  been 
introduced  into  Egypt;  but  as  these  are  machines  which  require  some  re- 
gard to  the  principles  of  good  workmansiiip,  they  are'  by  no  means  fitted 
for  general  use."     Egypt  and  Mohammed  All,  vol.  i,  14. 

1  he  chain  pump,  as  well  as  the  screw,  noria,  chain  of  pots,  &c.  has 
been  adopted  as  a  first  mover.  Placed  perpendicularly  on  the  side  of  a 
precipice,  or  wherever  a  small  stream  of  water  can  be  ccmveyed  into  its 
upper  orifice,  and  can  escape  from  its  lower  one,  the  motion  of  the  chain 
is  reversed  by  the  weight  of  the  liquid  column  acting  on  the  pistons.  A 
wheel  similar  to  the  upper  one  is  fixed  below,  over  which  the  chain  also 
passes ;  and  from  the  axle  of  either  wheel  the  power  may  be  taken.  A 
patent  for  this  application  of  the  chain  pump  was  granted  in  England 
m  1784. 

There  is  another  device  of  the  Chinese,  which  is  worthy  of  imitation ; 
and  considering  the  increased  security  it  offers  to  floating  property,  and 
the  additional  safety  of  the  lives  of  navigators,  it  is  surprising  that  it  has 
not  been  adopted  by  Americans  and  Europeans — viz;  the  division  of  the 
holds  of  ships  by  water-tight  pardtions.  The  Chinese  divide  the  holds 
of  their  sea  vessels  into  about  a  dozen  distinct  compartments  with  strong 
plank ;  and  the  seams  are  caulked  with  a  cement  composed  of  lime,  oil, 
and  the  scrapings  of  bamboo.  This  composition  renders  them  imper- 
vious to  water,  and  is  greatly  preferable  to  pitch,  tar  and  tallow,  since  it  is 
said  to  be  Incombustible.  This  division  of  their  vessels  seems  to  have 
been  well  experienced  ;  for  the  practice  is  universal  throughout  the  em- 
pire. Hence  it  sometimes  happens  that  one  merchant  has  his  goods  safely 
conveyed  in  one  division,  while  those  of  another,  suffer  considerable  da- 
mage from  a  leak  in  the  compartment  in  which  they  are  placed.  A  ship 
may  strike  against  a  rock  and  yet  not  sink,  for  the  water  entering  by  the 
fracture  will  be  confined  to  the  division  where  the  injury  occura.  To  the 
adoption  of  a  similar  plan  in  European  or  American  merchantmen,  beside 
the  opposition  of  popular  prejudice  and  the  increased  expense,  an  objec- 
tion miglit  arise  from  the  reduction  it  would  occasion  in  the  quantity  of 
freight,  and  the  increased  difHculty  of  stowing  bulky  articles.  It  remains 
to  be  considered  how  far  these  objections  ought  to  prevail  against  the 
greater  security  of  the  vessel,  crew  and  cargo.  At  any  rate,  such  objec- 
tions do  not  apply  to  ships  of  war,  in  which  to  carry  very  heavy  burdens, 
is  not  an  object  of  consideration.     Staunton's  Embassy,  vol.  ii,  136. 
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CHAPTER    XVIII. 

Od  tho  hjrdraalie  worka  of  tho  anoieat  inhabitaaCt  of  America:  Popalation  of  Aaahuae— Feroeity  of  the 
Spanuh  uifaden —Subject  of  ancient  hydraulic  worka  intereating— Aqueducta  of  the  Tolteca— Ancient 
Mexican  wella—Hcuaea  aupplied  with  water  by  pipea— Palace  of  Motezuroa— Perfection  of  Mexican 
worka  in  metal^—Cortez— Market  in  ancient  Mexico— Hydraulic  worka— Fouotaina  and  jeta  d^eau — No- 
rift  and  other  macbinea— Palnnque .  ita  aqueducta,  hieroglyphica,  Ac. — WcUa  in  ancient  and  modem 
yncatan— Reliea  of  former  afoa,  and  tradttiona  of  the  Indiana.  Hydraulic  worka  of  the  Peruviana : 
Cnatoma  reiatinf  to  water— Humanity  of  the  early  Incav— Aquedacta  and  reaervotra— Reaemblance  of 
Peruvian  and  Egyptian  cuatoma—Garcilaaao— Civilisation  in  Peru  before  the  timea  of  the  Ineae— Oianta 
— >Wella— Stapendoua  aqueducta,  and  other  monumenta— Atabalipa— Pulleya— Ciaterna  of  gold  and  ail- 
Tor  in  the  honaea  of  the  Incaa— Teuiplea  and  gardena  auppUed  by  pipea^Temple  at  Cuaco :  ita  water 
worka  and  utenaila— Embroidered  cloth — ^Manco  Capac 

It  has  been  a  subject  of  regret,  that  we  have  been  unable  to  obtain  any 
specific  information,  respecting  the  employment  of  machines  to  raise 
water  on  the  American  continents,  previous  to  the  visit  of  Europeans  in 
the  15th  and  16th  centuries.  And  yet  there  can,  we  think,  be  scarcely  a 
doubt,  that  in  those  countries  where  civilization  and  the  arts  had  made 
considerable  progress,  as  Peru,  Chili,  Guatimala,  and  Mexico,  such  ma- 
chines had  long  been  in  use.  Unfortunately,  accounts  of  those  countries 
by  early  European  writers,  contain  little  else  than  details  of  the  success- 
ful villany  of  those  savage  adventurers,  who,  under  the  cloak  of  religion, 
and  by  the  most  revolting  perfidy,  robbed  tlie  natives  of  their  indepen- 
dence, their  property,  and  myriads  of  them  of  their  lives. 

It  is  impossible  to  reflect  on  the  great  population  of  ancient  AnahuaoT— 
the  progress  which  the  natives  had  made  in  the  arta-^the  separation  of 
trades  and  professions — their  extensive  manufactures — the  splendor  of 
their  buildings — their  laws — the  rich  produce  of  their  highly  cultivated 
fields — the  freedom  and  prosperity  of  the  republics  of  Tlascala,  and  the 
comparative  general  happiness  of  the  inhabitants ;  with  the  utter  desola- 
tion brought  on  them  ana  their  country  by  the  Spaniards— without  feeling 
emotions  of  unmitigated  indignation.  No  one  can  read  even  Solis,  the 
advocate  of  Cortez  and  the  palliator  of  his  conduct,  without  being  thrilled 
with  horror  at  the  uniform  treachery,  cruelty,  and  blasphemy  of  that  man 
His  watchword  of  *  the  Holy  Ghost,'  while  slaughtering  the  natives  on  one 
occasion  like  sheep,  conveys  but  an  imperfect  idea  of  his  ferocity  and  in- 
difference to  their  sufferings,  and  of  the  disgusting  affectation  of  promoting 
Christianity,  under  which  he  pretended  to  act.  *  Keligion,'  says  oolis, '  was 
always  his  principal  care.'  The  Spaniards  affected  to  shudder  at  the  san- 
guinary gods  of  the  Mexicans,  which  required  human  sacrifices — while 
iAey  immolated  in  cold  blood,  hecatombs  of  the  natives  to  the  demons 
they  themselves  worshipped — viz.  avarice  and  dominium — ^until  the  land 
was  filled  with  slaughter,  and  whitened  with  the  bones  of  their  victims. 
It  is  said,  that  *'  in  seventeen'  years,  they  destroyed  above  six  millions 
of  them."  No  romance  ever  equalled  in  horror  the  tragedies  per- 
formed by  Almagro,  Valdivia,  Cortez  and  Pizarro— and  yet  these  men 
have  been  held  up  as  examples  of  heroism,  and  our  youth  have  been 
taught  to  admire,  and  of  course  to  emulate  '  the  glory  of  Cortez.' 

It  is  more  than  probable  that  the  people,  who,  m  remote  times,  in 
habited  the  southern  continent  and  Mexico,  remains  of  some  of  whose 
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works,  /ival  in  magnitude  those  of  Egypt  and  India,  and  many  of 
them,  (the  roads  and  aqueducts  particularly,)  equalled  in  utility  the 
noblest  works  of  Greece  and  Rome — were  not  without  hydraulic  en- 
gines ;  and  had  descriptions  of  them  been  preserved,  they  would  have 
furnished  more  interesting,  and  perhaps  more  certain  data,  respecting  the 
peopling  of  America,  and  of  the  ori^n  of  the  Toltec  and  Astec  races, 
than  any  others  derived  from  the  useful  arts.  From  the  ar^alogy  there  is 
between  some  of  the  arts,  manners,  and  customs  of  the  ancient  people  of 
Mexico  and  South  America,  and  those  of  Asia,  we  might  suppose  that  the 
swape,  bucket  and  windlass,  noria,  and  chain  of  pots,  a^id  perhaps  the 
chain  pump  were  known  to  them;  but  of  this  we  have  met  with  no  direct 
proof.  Were  the  fact  established,  that  they  were  in  possession  of  these 
machines,  it  would  greatly  tend  to  prove  their  Asiatic  origin  in  post- 
diluvian  times ;  while  on  the  other  hand,  if  lacking  these,  they  had  others 
peculiar  to  themselves,  such  a  fact  would  be  one  of  the  most  interesting 
circumstances  connected  with  the  early  history  of  these  continents ;  and 
might  be  adduced  to  sustain  the  hypothesis  of  those  who  consider  this 
hemisphere  as  having  been  uninterruptedly  occupied  by  man,  from  times 
anterior  to  Noah's  flood ;  and  consequently  many  of  the  machines,  arts, 
and  productions  of  the  inhabitants  peculiar  to  themselves. 

The  Toltecs,  we  are  informed,  introduced  the  cultivation  of  maize  and 
cotton  ;  they  built  cities,  made  roads,  and  constructed  those  great  pyramids 
which  are  yet  admired ;  and  of  which  the  faces  are  very  accurately  laid 
out ;  they  could  &und  metals,  and  cut  the  hardest  stone — they  knew  the 
use  of  hieroglyphical  painting,  and  they  had  a  solar  year,  more  perfect 
than  that  of  the  Grreeks  and  Romans.  "  Few  nations  (says  Humboldt) 
moved  such  great  masses  as  were  moved  by  the  Mexicans,"  proofs  of 
which  are  still  found  among  the  ruins  of  their  temples.  The  calender 
stone,  and  the  sacrifice  stone,  in  the  great  square  at  Mexico,  containing 
282  and  353  cubic^feet;  a  carved  stone  dug  up,  which  was  upwards  of 
22  feet  in  length,  19  feet  in  breadth,  and  about  10  deep— are  examples;  and 
the  colossal  statue  of  the  Goddess  Teotfaoiniquif  is  another.*  And  what  is 
more  to  our  purpose,  remains  of  aqueducts,  of  surprising  magnitude  and 
workmanship,  are  found  throughout  Chili,  Mexico,  and  Peru. 

Nor  had  these  arts  been  lost  at  the  period  of  the  Spanish  invasion.  At 
that  time,  agriculture,  artificial  irrigation,  and  many  other  of  the  mechanic 
arts,  especially  those  which  relate  to  the  metals,  appear  to  have  been  in 
a  more  advanced  state,  than  they  have  ever  been  in  Spain,  during  any 
subsequent  period.  When  Grijalva  and  his  companions  landed  in  Yuca- 
tan, (in  1518)  they  were  astonished  at  the  cultivation  of  the  fields,  and  the 
beauty  of  the  edifices — as  well  as  at  the  ornaments,  &c.  in  gold,  which  the 
natives  possessed,  the  value  of  the  workmanship  often  '  exceeding  that  of 
the  metal.*  Tiascala,  (says  Solis,)  was  at  that  period,  *'  a  very  populous 
city  ;"  the  houses  were  built  of  stone  and  brick,  their  roofs  were  flat  and 
surrounded  with  galleries.  The  Tlascalans,  says  Herrera,  had  baths,  bow- 
ers, and  JimntainSt  and  whenever  a  new  house  was  finished,  they  had  feasts 
and  dancing,  &c.  like  the  house  toarming  of  old  in  Europe.  Every  house 
in  Zempoala  had  a  garden  with  water.  Ancient  wdU  are  still  in  use  ia 
Mexico,  some  of  which  are  two  and  three  hundred  feet  in  depth.  Water 
is  drawn  from  them  to  irrigate  the  soil. 

The  city  of  Cholula  was  located  in  a  delightful  plain ;  it  contained 
20,000  inhabitants,  and  the  number  in  its  suburbs  was  greater.      The 

*  Clavigero  eayn,  colntnns  of  stone  of  one  piece,  80  feet  lone,  and  20  feet  in  circui» 
ference,  were  extant  in  hii  time,  in  the  edifices  of  Mictlan.    Mexico,  Vol  i,  420. 
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Spaniards  compafed  it  to  Valladolid  for  its  beauty*  and  magnificence. 
It  was  a  great  emporium  of  merchandise.  Strangers  from  distanf  parts  of 
the  continent  flocked  to  it.  Solis  says,  the  streets  were  wide  and  well  laid 
out;  the  buildings  larger  and  of  better  architecture  than  those  of  Tlascala, 
and  the  inhabitants  were  principally  merchants  and  mechanics.  Cortex 
himself,  after  entering  this  city,  thus  speaks  of  it  in  a  letter  to  Charles  V. 
*'  The  inhabitants  are  better  clothed  than  any  we  have  hitherto  seen.  Peo- 
ple in  easy  circumstances  wear  cloaks  above  their  dress;  these  cloaks 
differ  from  those  of  Africa,  for  they  have  pockets,  though  the  cut,  cloth 
and  fringes  are  the  same.  The  environs  of  the  city  are  very  fertile  and 
well  cultivated.  Almost  aU  the  fiddi  may  he  watered ;  and  the  city  is 
WMcli  more  beautiful  titan  aU  t?ioee  in  Spain  ;  for  it  is  well  fortified,  and 
built  on  level  ground.  I  can  assure  your  highness,  that  from  the  top  of  a 
mosque  (temple)  I  reckoned  more  than  four  hundred  towers,  all  of  mosques. 
The  number  of  inhabitants  is  so  great  that  there  is  not  an  inch  of  ground 
uncultivated.^'  When  the  Spaniards  reached  Tezcuco,  they  found  it  as 
Ur^e  again  as  Seville.  It  rivalled  in  grandeur  and  extent  Mexico  itself, 
and  was  of  a  much  more  ancient  date  than  that  capital.  Herrera  says, 
the  streets  were  very  regular,  and  t\iB.t  Jresh  water  was  brought  in  pipes 
from  the  mountains  to  every  home*  The  principal  front  of  the  buildings 
extended  on  the  borders  of  a  spacious  lake,  where  the  causeway  that  lea 
to  Mexico  began.  It  was  from  this  causeway,  which  was  built  of  stone 
and  lime,  that  the  Spaniards  first  beheld  the  distant  capital,  with  its  towers 
and  pinnacles  in  the  midst  of  the  lake;  and  on  the  8th  November,  1519, 
Cortez  and  his  myrmidons  entered  that  city,  which  then  contained  a  great- 
er population  than  New- York  does  at  present ;  for  it  had  between  three 
and  four  hundred  thousand  inhabitants. 

When  the  Spaniards  entered  the  gates,  through  a  bulwark  of  stone 
supported  by  castles,  they  beheld  a  spacious  street  with  houses  uniformly 
built,  and  the  windows  and  battlements  filled  with  spectators.  They 
were  received  into  one  of  Motezuma's  houses,  which  had  been  built  by 
his  fatlier.  This  building,  Solis  remarks,  vied  in  extent,  with  the  principal 
palaces  of  emperors  in  Europe ;  and  had  the  appearance  of  a  fortress, 
with  thick  stone  walls  and  towers  upon  the  flanks.  The  streets  of  the  city 
were  stnught,  as  if  drawn  by  a  line  ;  and  the  public  buildings,  and  houses 
of  the  nobility,  which  made  up  the  greatest  part  of  the  city,  were  of  stone 
and  well  built.  The  palace  of  Motezuraa  was  so  large  a  pile  that  it 
opened  with  thirty  gates  into  as  m^ny  different  streets.  The  principal 
front  took  up  one  entire  side  of  a  spacious  parade,  and  was  of  black,  red 
and  white  jasper,  well  polished.  Over  the  gates  W^pe  the  arms  or  sym- 
bolical figures  of  Moiezuma  or  his  predecessors,  viz.  a  griffin,  being  naif 
an  eagle  and  half  a  lion  ;  the  wings  extended  and  holding  a  tiger  in  its 
talons.  The  roofs  of  the  buildings  were  of  cypress,  cedar,  and  other 
odoriferous  woods,  and  were  ornamented  with  carvings  of  "  different 
foliages  and  relievos."  But  without  referring  to  the  splendor  of  this  un- 
fortunate monarch's  court,  his  luxurious  mode  of  living,  his  treasures,  the 
chair  of  bamished  gold  in  which  he  was  carried  to  meet  Cortez,  the  jew- 
els of  gold,  pearls,  and  precious  stones,  that  adorned  his  person  and  those 
of  his  attendants,  and  the  "  shoes  of  hammered  gold,"  that  were  bound  to 
his  feet  and  legs  with  straps,  like  the  Roman  military  sandals  ;  it  will  be 
sufficient  to  notice  the  market  of  the  city  for  the  sale  of  merchandise,  in 
order  to  realize  a  tolerably  correct  idea  of  the  state  of  the  arts  among  the 
Mexicans.  Nothing  excited  the  surprise  of  the  Spaniards  so  much  as 
this  market — both  as  regarded  the  quantity,  variety,  and  quality  of  the 
goods  sold,  and  the  order  which  prevailed. 
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Tlie  Mexican  works  of  gold  and  silver,  sent  by  Cortez  to  Chatles  V. 
says  Clavigero,  **  filled  the  goldsmiths  of  Europe  with  astonishment." 
"  Some  of  them  were  inimitable."  Among  00161*8,  there  weveJUhes  having 
scales  alternately  of  gold  and  silver— a  parrot  with  moveable  head,  tongue^ 
and  loingB — an  ape  with  moveable  head  and  feet,  and  having  a  spindle 
in  its  hand,  in  the  attitude  of  spinning.     Vol.  i,  413. 

Cortez,  in  a  letter  to  Charles  V.  dated  October  1520,  says,  "  the  market 
place  is  twice  as  large  as  that  of  Seville  and  surrounded  with  an  immense 

Cortico,  under  which  are  exposed  for  sale  all  sorts  of  merchandise,  eata- 
les,  ornaments  made  of  gold,  silver,  lead,  pewter,  precious  stones,  bones, 
shells,  and  feathers  ;  delft  ware,  leather,  and  spun  cotton.  We  find  hewn 
stone,  tiles,  and  timber  fit  for  building.  There  are  lanes  for  game,  others 
for  roots  and  garden  fruits.  There  are  houses  where  barbers  shave  the 
head,  (with  razors  made  of  obsidian,)  and  there  are  houses  resembling  our 
apothecary  shops,  where  prepared  medicines,  unguents,  and  plasters  are 
sold.  The  market  abounds  With  so  many  things,  ibat  I  am  unable  to  name 
them  all  to  your  highness.  To  avoid  confusion,  every  species  of  mer- 
chandise is  sold  in  a  separate  lane.  Every  thing  is  sold  by  the  yard,  (by 
measure)  but  nothing  has  hitherto  been  seen  to  be  weighed  in  the  market. 
In  the  midst  of  the  great  square,  is  a  house,  which  I  shall  call  Vaudenda 
in  which  ten  or  twelve  persons  sit  constantly  for  determining  any  disputes 
which  may  arise  respecting  the  sale  of  goods.  There  are  other  persons 
who  mix  continually  with  the  crowd,  to  see  that  a  just  price  is  asked- 
We  have  seen  them  break  the  false  measures,  which  they  had  seized  froor 
the  merchants." 

Solis  has  recorded  some  facts,  which  are  too  interesting  to  mechanics  to 
be  omitted.  "  There  were  rows  of  silversmiths,  who  sold  jewels  and 
chains  of  extraordinary  fashion  ;*  several  figures  of  beasts  in  gold  and 
silver,  wrought  with  so  much  art,  as  raised  the  wonder  of  our  artificers ; 
particularly  some  skillets  with  moving  handles,  that  were  wo  cast;  besides 
other  works  of  the  same  kind,  with  mouldings  and  relievos,  without  any 
signs  of  a  hammer  or  graver."  Herrera,  speaking  of  these,  observes, 
"  some  things  were  cast,  and  others  wrought  with  stones,  to  such  perfec- 
don,  that  many  of  them  have  surprised  the  ablest  goldsmiths  in  Spain,  for 
they  could  never  conceive  how  they  had  been  made ;  there  being  no  sign 
of  a  hammer,  or  an  engraver,  or  any  other  instrument  used  by  them." 
They  brought  to  the  fair,  (continues  &Aia)  all  the  different  sorts  of  cloth, 
made  throughout  this  vast  empire,  of  cotton  and  rabbits'  fur,  which  the 
women  of  this  country,  enemies  to  idleness,  spun  extremely  fine,  being  vezy 
dexterous  in  this  mdtifkfacture.  They  had  also  drinking  cups  exquisitely 
made  of  the  finest  earth,  different  in  color,  and  even  in  smell ;  and  of  this 
kind,  they  had  all  sorts  of  vessels,  necessary  either  for  the  service  and  or^ 
nament  of  a  house.  • 

*  These,  which  were  worn  round  the  neck,  were  doubtless  similar  to  those  known  as 
Panama  ehahu;  which  certainly  are  extraordinary  specimens  of  workmanship.  Thev 
may  sometimes  be  met  with  at  our  jewellers,  who  buy  them  for  the  purity  of  the  gold. 
It  IS  said  that  the  mode  of  making  them  has  never  been  discovered,  and  that  the 
secret  is  still  preserved  among  the  Indians  of  Panama.  We  have  examined  one  which 
came  from  Carthagena,  the  lencth  of  which,  had  it  been  cat,  was  eight  feet  two  inches 
its  section,  which  was  hexagonu,  did  not  exceed  one  twentieth  of  an  inch  in  diauieler. 
It  was  forfkied  of  one  or  more  fine  wires,  which  seemed  to  have  been  woven  or  interlace  i 
like  the  platting  of  a  whip  handle.  When  a  sinsle  thread  was  examined  by  a  micro- 
scope, it  was  found  to  be  composed  of  several  smaUer  wires,  which  separate,  were  scarce- 
ly perceptible  to  oar  anakled  vision.  The  weif^ht  of  the  chain  was  eleven  penny- 
weights, and  it  appeared  to  be  as  flexible  as  a  piece  of  twine,  certainly  far  more  so 
than  any  chain  formed  of  links.  No  end  of  a  wire  could  be  dotected,  and  not  a  parCieie 
of  solder  was  used. 
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No  one  can  doubt,  tnat  a  people,  thus  far  adiranced  in  civilization 
and  the  usefal  arts,  were  in  possession  of  machines  of  some  kind  or 
other  for  raising  w&^er.  Indeed  the  location  and  great  population  oi 
some  of  their  cities  required  a  familiar  knowledge  of  hydraulic  opera- 
tions to  supply  them  with  water ;  and  hence  it  would  seem  as  if  they  had 
cultivated  this  department  of  the  arts. equally  with  others,  for  some  of 
their  aqueducts  would  have  done  honor  to  Greece  and  Rome.  Nearly  all 
the  ancient  cities  of  Mexico  were  supplied  by  them.  We  have  already 
remarked  that  Tlascala  was  furnished  with  abundance  of  baths  and  foun* 
tains — that  every  house  in  Zempoala  had  water~-that  Tezcuco  had 
an  aqueduct,  from  which  every  dwelling  was  supplied  by  a  pipe^  as 
in  modern  cities;  and  we  may  add,  Iztaclapa,  which  contained  about  ten 
thousand  houses,  hud  its  aqueduct  that  conveyed  water  from  the  neighbor- 
ing mountains,  and  led  it  dirough  a  great  number  of  well  cultivated  gar- 
dens. In  the  city  of  Mexico,  there  were  several  aqueducts.  That  of  &i€i- 
pul-teper.  was  the  work  of  Motezuma,  and  also  the  vast  stone  reservoir 
connected  with  it.  When  the  Spaniards  besieged  the  city  they  destroyed 
this  aqueduct.  Cortez  in  his  first  letter  to  Charles  V.  mentions  the  spring 
of  Amilco,  near  Churubusco,  of  which  the  waters  were  conveyed  to  the 
city  "  in  two  large  pipes,  well  moulded  and  as  hard  as  stone,  but  the  wa- 
ter never  ran  in  more  than  one  of  them  at  the  same  time."  We  still  per- 
ceive, says  Humboldt,  the  remains  of  this  great  aqueduct,  which  was  con- 
structed with  double  pipes,  one  of  which  received  the  water,  while  they 
were  employed  in  cleansing  the  other ;  but  this  aqueduct,  he  says,  was  in- 
ferior to  the  one  at  Tezcuco :  of  it,  he  observes,  "  we  still  admire  the 
traces  of  a  great  mound,  which  was  constructed  to  heighvon*  the  level  of 
the  water."  The  gardens  of  Motezuma  were  also  adorned  and  nourish- 
ed with  streams  B.naJountains,  and  appear  to  have  rivalled  those  of  Asiatic 
monarchs  in  splendor.  And  among  the  hieroglyphical  ornaments  of  the 
pyramid  of  Aochicalco,  are  heads  of  crocodiles  spoutiitg  watery  a  proof 
that  ancient  Americans  were  acquainted  with  that  property  of  liquids 
by  which  they  find  their  level ;  and  applied  it  not  merely  to  fountains 
&Ddjetg  d'eaUf  but  to  convey  water  through  pipes  to  their  dwellings. 

We  cannot  reflect  on  the  progress  which  the  ancient  inhabitants  ^[ 
Mexico  had  made  in  the  arts,  and  the  magnitude  and  excellence  of  some 
of  their  hydraulic  works,  without  regretting  that  no  particular  accounts  of 
their  devices  for  rainng  water  have  been  preserved.  Of  one  thing  how- 
ever,  we  may  be  sure,  that  no  people  ever  constructed  such  works  as  they 
did,  for  the  irrigation  of  land,  and  the  supply  of  cities,  who  had  not  pre 
viously  experienced  the  inefficiency  of  machines  for  those  purposes  ;  no\ 
could  their  agriculture  have  been  carried  to  the  extent  it  was,  without  the 
aid  of  them  in  times  of  drought. 

*  The  machines  called  Twriatt  (says  Humboldt)  are  essential  to  Mexican 
agriculture.'*  Does  it  not  follow  then  that  these,  or  others  for  the  same 
purpose,  were  equally  essential,  before  the  conquest,  when  the  population 
of  Uie  country  was  so  much  greater,  and  agriculture  more  extensively 
practised  ]  There  is  no  doubt,  he  observes,  that  all  the  country  from  tho 
river  Papaloapan  "  was  better  inhabited  and  better  cultivated  than  it  now 
is."  The  swape  (guimbelette)  is  quite  common  in  Mexico.  It  is  there 
used  as  in  this  country  for  raising  water  from  wells  of  moderate  depth.  A 
friend  just  returned  from  a  tour  in  Texas,  informs  us,  that  among  the 
Cooshattie  tribe  of  Indians  on  the  Trinity  river,  and  in  all  the  settlements, 
whether  Indian,  Creole,  or  modem  Mexican ;  in  populous  villages  or  at 
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solitary  wigwams,  the  '  well  pole'  or  swape  is  almcst  always  to  be  seen. 
In  wells  of  considerable  depth,  the  pulley  and  double  chain  with  two 
buckets  are  adopted  ;  and  the  chain  of  pots  and  noria  are  extensively  used 
in  raising  water  for  irrigation,  being  moved,  as  in  Spain,  by  oxen  or  mules. 
As  these  are  the  only  devices  for  raising  water  that  are  now  in  use,  ex- 
cept the  common  pump  to  a  very  limited  extent,  and  the  ordinary  mode 
of  drawing  it  from  mines,  by  buckets  worked  by  animals,  the  question  oc- 
curs, were  they  or  any  of  them  in  use  previous  to  the  conquest  1  The 
pump  excepted,  we  should  suppose  they  were ;  but  as  before  remarked, 
we  have  no  direct  evidence  to  establish  the  fact.  As  the  Mexicans  were 
collected  in  villages  and  accustomed  to  cultivate  the  soil,  at  least  400  year? 
before  the  conquest,  and  subsequent  to  that  event,  the  great  mass  of  the 
farmers  have  been  and  are  Indians,  who  adhere  with  "  extraordinary  ob- 
stinacy" to  the  customs  of  their  ancesto  s,  it  seems  natural  to  suppose  thai 
they  (like  the  agricultural  classes  of  alt  o  her  countries)  would. retain  some 
of  the  old  modes  of  raising  water ;  but  as  those  above  named  are  said  to  be 
the  anly  ones  practised^it  is  probable  that  some  of  them  at  least  were 
known  to  the  inhabitants  of  old. 

Palenque  is  about  thirty  miles  from  Tobasco.  It  is  surrounded  by 
dense  forests,  and  overgrown  with  the  vegetation  of  past  ages.  Of  its 
founders  and  inhabitants  nothing  is  known,  nor  yet  of  the  period  when 
they  flourished.  The  remains  of  this  city  have  been  traced  over  an  ex- 
tent of  tivenly-four  miles,  and  consist  of  massive  edifices,  of  a  novel  anil 
very  chaste  style  of  architecture.  These  are  accurately  laid  out  to  the 
four  cardinal  points  of  the  compass,  and  are  built  of  hewn  stone.  There 
are  temples,  palaces,  and  tombs  ornamented  with  the  richest  sculpturen 
and  has  reliefs,  extensive  excavations,  subterranean  passages,  bridges, 
dikes,  AQUEDUCTS,  &c.  all  indicative  of  a  powerful  and  highly  civilized 
people.  Dupaix  and  his  companions,  who  were  sent  out  in  1805  by 
Charles  lY.  of  Spain,  to  examine  and  report  on  these  buildings,  after 
three  weeks  intense  labor  in  cutting  down  trees  which  grew  over  them, 
were  enabled  to  examine  fifteen  edifices,  which  elicited  tneir  wonder  and 
admiration.  Mr.  Waldeck,  a  late  traveler,  who  has  spent  several  years 
in  examining  and  collecting  evidences  of  early  American  civilization,  cut 
down  a  tree,  (that  was  growing  over  an  ancient  building  at  Palenque)  the 
concentric  circles  in  a  section  of  which,  indicated  a  growth  of  973  years  * 
But  how  many  centuries  had  elapsed  from  the  ruin  and  desertion  of  the 
city,  and  for  the  accumulation  of  soil  over  it,  ere  this  tree  took  root,  can 
only  be  conjectured.  The  sculptures  on  the  walls  are  surprisingly  per- 
fect, and  among  them  are  hieroglyphics  which  are  supposed  to  have  pho- 
netic power.  Men*  and  women  are  represented  clothed  in  figured  gar- 
ments, indicating  the  manufacture  of  flowered  stuffs ;  and  various  relics 
which  have  been  disinterred,  as  toys,  vessels,  ornaments  of  dress,  &c. 
prove  considerable  progress  in  other  branches  of  the  useful  arts.  But  ex- 
tensive as  these  ruins  are,  and  pregnant  with  information  of  thrilling  in- 
terest, Palenque  is  like  Mida,  the  partner  of  its  glory  and  of  its  degrada- 
tion, a  *  city  of  the  dead.'  Not  a  voice  is  heard  in  it,  or  around  it,  but  the 
hissing  of  serpents,  the  buzzing  of  insects,  the  gibbering  of  monkeys,  and 
the  screeching  of  wild  birds. 

There  is  one  circumstance  respecting  the  ancient  cities  and  people  of 
Yucatan  which  relates  to  our  subject,  that  is  deserving  of  attention.  It  is 
this — from  the  geographical  position  and  physical  features  of  the  country 
WELLS  have  always  been  of  primary  importance.  During  the  greater 
part  of  the  year  tiie  inhabitants  have  no  other  resource  for  fresh  water ; 
and  this  must  necessarily  have  been  the  case,  ever  since  the  present  or- 
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ffanizadon  of  these  continents  took  place.  In  those  remote  a^eSi  then, 
daring  which  the  country  was  occupied  by  a  numerous  and  civihzed  peo- 
ple, wells  must  have  been*  very  common ;  and  as  they  are  not,  like  struc- 
tures erected  on  the  surface,  subject  to  decay,  or  obnoxious  to  destruction, 
the  discovery  and  examination  of  some  of  them  is  greatly  to  be  desired 
Who  can  tell  what  stores  of  treasure  are  buried  in  them ;  what  specimens  oi 
art ;  what  means  for  tracing  the  history,  and  also  the  revolutions,  through 
which  the  ancient  people  ot  America  have  passed ;  their  origin,  progress, 
and  disappearance  1  If  Palenque  and  its  sister  cities  were  destroyed  by 
war,  then  it  is  almost  certain  that  the  inliabitants  would  have  recourse  to 
wells  for  the  secretion  of  their  treasures,  both  public  and  private ;  a  prac- 
tice that  has  been  followed  in  all  ages  and  by  all  people. 

Relics  of  former  ages,  which  have  been  found  (more  or  less  numerous) 
over  both  continents,  incontestibly  prove  that  civilized  people  flourished 
,  here  in  former  ages ;  and  that  they  and  their  progeny  have  disappeared, 
as  if  by  some  general  and  sudden  calamity  they  had  been  swept  off  the 
stage  of  life,  to  a  man.  It  would  seem  too, as  if  along  period  of  deathlike 
stillness  had  succeeded,  (like  that  after  the  deluge)  so  that  all  knowledge 
of  them  had  perished,  when  another  race  appeared  and  took  possession 
of  the  soil.  These  were  the  ancestors  of  the  present  Indians,  who,  in 
their  turn  are  rapidly  becoming  extinct,  without  our  being  able  to  tell  who 
they  were,  whence  they  came,  or  when  they  first  made  their  appearance. 
We  see  no  reason  to  doubt  their  tradition  respecting  the  great  IVIegalonyx 
and  Mastodon  of  the  western  prairies,  having  been  contemporary  with  their 
forefathers,  since  the  discovery  of  t^e  bones  of  these  animals  corroborate  in 
some  degree  the  truth  of  it.  Nor  is  it  at  all  improbable  that  their  ac- 
counts of  the  voracious  and  enormous  Piaad^  *  the  bird  that  devours  men,' 
is  fabulous ;  a  figure  of  which  is  cut  on  the  face  of  a  smooth  and  perpen- 
dicular rock,  at  an  elevation  which  no  human  art  can  now  reach ;  near  the 
mouth  of  a  small  stream,  named  the  Pias§.,  which  enters  the  Mississippi 
between  Alton  and  the  mouth  of  the  Illinois.  See  Family  Mag.  1837, 
Vol.  iv,  101. 


ON  THE  HYDRAULIC  AND  OTHER  WORKS  OF  THE  ANCIENT  PERUVIANS.   . 

Molina,  in  his  '  Natural  and  civil  History  of  Chili,*  observes  that  previous 
lo  the  invasion  of  the  Spaniards,  the  natives  practised  artificial  irrigation,  by 
conveying  water  from  the  higher  grounds  in  canals  to  their  fields.  Herrera 
says,  many  of  the  vales  were  exceedingly  populous  and  well  cultivated, 
*  having  trenches  of  water.'  The  Peruvians  carried  the  system  to  a  great 
extent.  "  How  must  we  admire  (says  Humboldt)  the  industry  and  activity 
displayed  by  the  ancient  Mexicans  and  Peruvians  in  the  irrigation  of  arid 
lands  f  In  the  maritime  parts  of  Peru,  I  have  seen  the  remains  of  walls, 
along  which  water  was  conducted  for  a  space  rff  from  5  to  6000  metres, 
irom  the  foot  of  the  Codilleras  to  the  coast.  The  conquerors  of  the  16th 
century  destroyed  these  aqueducts,  and  that  part  of  Peru  has  become 
Hke  Persia,  a  desart,  destitute  of  vegetation.  Such  is  the  civilization  car- 
ried by  the  Europeans  among  a  people,  whom  they  are  pleased  to  call 
barbarous."*  These  people  had  laws  for  the  protection  of  water,  very 
similar  to  those  of  Greece,  Rome,  Egypt,  and  all  the  older  nations  ;  for 
tliose  who  conveyed  water  from  the  canals  to  their  own  land  before  their 
turn,  we~e  liable  to  arbitrary  punishment.  Several  of  the  ancient  Amer 
ican  customs  respecting  water,  were  identical  with  those  of  the  oldest 
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nations.  Tbey  buried  veasels  of  water  with  the  dead.*  The  Mexicans 
worshipped  it^i^  The  Peruvians  sacrificed  to  rivers  and  fountains.^  The 
Mexicans  had  TUdoc  their  god  of  water.^  Holy  water  was  kept  in  their 
temples.*  They  practised  divination  by  water.'  The  Peruvians  drew 
their  diinking  water  from  deep  wells,'  and  for  irrigation  in  times  of 
drought,  they  drew  it  from  pools,  and  lakes,  and  rivers. 

The  annals  of  the  world  do  not  furnish  brighter  examples  of  national 
benevolence,  than  the  early  history  of  Peru.  The  wars  of  the  incas 
were  neither  designed  nor  carried  on,  to  gratify  ambition  or  the  lust  of  con- 
quest, but  to  extend  to  the  brutalized  people  by  whom  they  were  sur> 
rounded,  the  advantages  of  civilized  life ;  to  introduce  agriculture  and  all 
its  attending  blessings,  among  hordes  of  savages,  that  were  sunk  in  the 
lowest  depths  of  bestiality.  But  that  which  sheds  a  peculiar  glory  over 
the  ancient  Peruvians,  was  their  systematic  and  persevering  efforts  to 
achieve  their  conquests  without  the  effusion  of  blood.  In  reading  their 
history,  the  mind  is  not  only  relieved  from  those  horrible  details  of  car- 
nage that  constitutes  so  prominent  a  part  in  the  historic  pages  of  other  na- 
tions, but  the  most  agreeable  emotions  are  excited  by  the  benevolent  and 
generally  successful  endeavors  of  this  people,  to  overcome  their  foes  by 
reason — ^by  exhibiting  to  them  the  advantages  of  regtdated  society,  and  by 
invitations  to  embrace  them.  This  policy  was  in  accordance  with  the  in- 
junctions of  their  first  king,  whose  precepts  they  greatly  reverenced.  He 
taught  them  to  overcome  their  enemies  "  by  love — by  ihe  force  of  bene* 
Jits"  and  hence  we  find  that  when  they  were  successful,  they  neither 
robbed  the  inhabitants  of  their  land,  their  liberty,  nor  their  lives  but  used 
their  influence  and  superior  knowledge  to  ameliorate  their  condition.  And 
when  these  efforts  failed,  and  active  warfare  was  the  only  resource,  they, 
conscious  of  the  wickedness  of  conquering  men  by  their  destruction, 
and  that  those  could  never  be  food  subjects  who  '  obeyed  from  fear,' 
uniformly  besieged  them,  till  the  latter  became  convinced  of  their  own  ina- 
bility to  resist,  and  of  the  policy  of  acceding  to  the  terms  of  their  pow- 
erful invaders. 

In  this  manner  the  '  children  of  the  sun'  extended  their  conquests  over 
a  large  part  of  the  southern  continent ;  and  in  no  part  of  the  world  were 
provinces  more  loyal,  or  a  people  more  attached  to  their  institutions  and 
to  their  princes  ;  nor  was  tnere  ever  a  people  more  humane.  The  con- 
duct of  some  of  the  incas,  when  at  the  head  of  their  armies,  in  endur- 
ing the  taunts  and  scoffs  of  their  ignorant  and  imbecile  foes  with  philo- 
sophic forbearance,  is  truly  admirable,  and  might  be  contrasted  with  that  of 
christian  warriors  ;  but  then  their  object  was  not  to  acquire  fame  by  the 
destruction  of  their  species,  but  to  benefit  them,  even  at  the  risk  of  their 
reputation.  If  ever  offensive  wars  were  justifiable,  those  of  the  early 
incas  certainly  were,  since  their  object  was  the  extension  of  human  hap- 
piness, and  which  they  carried  on  in  a  corresponding  spirit  of  humanity. 
in  Tf^ither  sacred  nor  profane  ^history  can  such  examples  be  found. 

Agriculture  was  the  first  object  to  which  their  attention  was  directed  ; 
hence  we  find  engineers  arid  other  artists  immediately  sent  into  the  subdued 
countries,  or  rather,  amon^  their  new  friends,  to  mtroduce  the  arts  of 
ploughing  and  cultivating  tne  soil,  &c.  And  as  lar^e  tracts  of  land  were 
destitute  of  vegetation  for  toant  of  vmter,  mention  is  constantly  made  of 
AQUEDUCTS  and  RESERVOIRS  among  the  earliest  of  works  undertaken.  In 
some  districts,  rain  was,  and  still  is,  unknown.     *'  For  the  space  of  seven 
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fanndred  leagues  along  the  coast  (says  Garcilasso)  it  did  never  rain."^ 
Contrivances  to  obtain  and  distribute  water,  were  therefore,  with  the  in* 
cas  as  with  the  early  kings  of  Egypt,  the  most  important  and  constant  ob- 
jects of  their  care.  Nor  does  it  appear  that  the  Egyptians  were  more 
assiduous  in  this  kind  of  labor  than  the  people  of  f  eru.  Examples  are 
mentioned  of  the  latter  having  conveyed  small  streams  through  a  space 
of  sixty  miles,  to  irrigate  a  few  acres  of  land. 

There  are  several  points  of  resemblance  between  these  two  people ; 
some  of  which  are  to  be  attributed  to  both  countries  being,  in  a  great 
measure,  destitute  of  rain.  The  first  inca,  like  Osiris,  taught  the  inhabi* 
tants  to  cultivate  the  land }  to  construct  reservoirs  and  aqueducts;  to  make 
ploughs,  harrows,  and  shoes  for  their  own  feet — such  shoes,  says  Garci- 
lasso, *  as  they  now  wear.'  The  wife  of  Manco  Capac,  like  Isis,  taught 
the  women  to  spin,  to  we'ave,  and  to  make  their  own  garments.  Some 
of  their  fables,  too,  resemble  those  of  the  Egyptians  respecting  Isis.  Ac- 
cording to  one,  *'  the  maker  of  all  things  placed  in  heaven  a  virgin,  the 
daughter  of  a  king,  holding  a  bucket  of  water  in  her  hand^  for  the  refresh- 
ment of  the  earth."  Both  people  erected  stupendous  structures  and  sta- 
tues of  cut  and  polished  stone,  which  they  wrought  without  iron ;  both 
shaved  the  head,  and  both  embalmed  the  xlead. 

As  we  have  no  where  met  with  any  distinct  notice  of,  or  even  allusion 
to,  any  Peruvian  machine  for  raising  water,  we  insert  some  notices  of  their 
wells  and  aqueducts,  &c.  from  Garcilasso's  '*  Royal  Commentaries  of 
Peru."  The  reader  can  then  judge,  whether  a  people  who  devised  and 
constructed  hydraulic  works  of  immense  magnitude  for  the  distribution 
of  water,  were  without  some  machines  for  raising  it ;  and  especially, 
when,  at  certain  seasons,  they  obtained  it  from  deep  wells.  Ihe  inca 
Garcilasso  de  la  Vega,  was  a  native  of  Cusco.  His  mother  was  a  Peru- 
vian princess ;  but  his  father,  whose  name  he  bore,  was  one  of  the  Spanish 
conquerors.  He  was  born  (he  informs  us)  eight  years  after  the  Spaniards 
oecame  masters  of  the  country,  i.  e.  in  the  year  1539,  and  was  educated 
by  his  mother  and  her  relatives,  in  the  Indian  manner,  till  he  was  twenty 
years  old.  In  1560  he  was  sent  to  Spain,  where  he  wrote  his  Commen- 
taries. These  were  translated  into  English  by  Sir  Paul  Ricaut,  and  pub- 
lished in  one  volume,  folio,  London,  1688. 

There  is  reason  to  believe  that  Peru,  Chili,  and  other  parts  of  the 
southern  continent,  were  inhabited  by  a  refined,  or  partially  refined  peo- 
ple, centuries  before  the  time  of  Manco  Capac,  the  first  inca ;  and  that  a 
long  period  of  barbarism  had  intervened,  induced,  perhaps,  by  revolutions 
similar  to  those  which,  in  the  old  world,  swept  all  the  once  celebrated 
nations  of  antiquity  into  oblivion.  The  ancient  Peruvians  had  a  tradition 
respecting  the  arrival  of  giants,  who  located  themselves  on  the  coast,  and 
who  dug  WELLS  of  immense  depth  through  the  solid  rock  ;  which  wells, 
as  well  as  cisstbrns,  still  remain.  When  Mayta  Capac,  the  fourth  inca, 
reduced  the  province  of  Tiahuanacu,  he  found  colossal  pyramids  and  other 
structures,  with  gigantic  statues,  of  whose  authors  or  uses,  says  Garcilasso, 
"  no  man  can  conjecture."  The  ruins  of  these  ^re  still  extant,  in  one  of 
the  districts  of  Buenos  Ayres.  In  the  same  province,  the  writer  just 
named  mentions  a  monolithic  temple,  which,  from  the  description,  equals 
any  of  those  of  Egypt.  These  ancient  buildings  were  supposed  by  the 
Peruvians  to  have  furnished  models  for  the  Temple,  Palace,  and  Fortress 
at  Cusco,  which  the  first  incas  erected.  Acosla^  in  examining  some  of 
these  buildings  in  Tiahuanacu,  was  at  a  loss  to  comprehend  how  they 
coaid  have  been  erected ;  so  large,  well  cut,  and  closely  jointed  were  the 
Btones.     "  I  measured  one  myself,  (he  observes)  which  was  thirty  feet  in 
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lergth,  eighteen  in  breadth,  and  six  feet  in  thickness;"  and  in  the  For 
tress  of  Cusco  were  stones,  he  says,  nvuch  larger.  But  what  adds  to  oar 
surprise,  many  of  these  stones  were  taken  from  quarries  at  from  ^ve  to 
fifteen  leagues  distance  from  the  buildings. 

There  is  much  uncertainty  respecting  Manco  Capac.  Who  he  was, 
and  from  what  country  he  came,  are '  equally  unknown.  According  to 
their  Quippy^  or  historical  cords,  and  the  opinion  of  the  inca  who  was  uncle 
to  Grarcilasso,  and  who  communicated  to  the  latter  all  the  knowledge  of 
their  ancestors  then  extant,  he  made  his  appearance  in  Peru  about  400 
years  before  the  invasion  of  the  Spaniards.  It  is  said  he  was  whiter  than 
the  natives,  and  was  clothed  in  floM'ing  garments.  Awed  by  his  presence, 
they  received  him  as  a  divinity,  became  subject  to  his  laws,  and  practised 
the  arts  he  introduced.  He  founded  Cusco,  and  extended  his  mfluenoe 
to  all  the  nations  around.  He  taught  them  agriculture  and  many  useful 
arts,  especially  that  of  irrigating  land.  His  son  succeeded  him,  and  with- 
out violence  greatly  extended  the  limits  of  the  kingdom ;  prevailing  with 
the. natives,  it  is  said,  by  a  peaceable  and  gentle  manne*,  '*  to  plough,  and 
manure,  and  cultivate  the  soil."  His  successors  pursued  the  same  mode, 
and  with  the  same  success.  The  fifth  inca,  we  are  informed,  constructed 
aqueducts,  bridges  and  roads  in  -all  the  countries  he  subdued.  When  the 
sixth  inca  acquired  a  new  province,  he  ordered  the  lands  to  be  "  dressed 
and  manured ;"  the  fens  to  be  drained,  '*  for  in  that  art  [draining]  they 
were  excellent,  as  is  apparent '  by  their  works,  which  remain  to  this  day : 
and  also  they  were  [then]  very  ingenious  in  making  aqueducts  for  carrying 
water  into  dry  and  scorched  lands,  such  as  the  greatest  part  of  that  coun«^ 
try  is  :  they  always  made  contrivances  and  inventions  to  bring  their  water.* 
These  aqueducts,  though  they  were  ruined  after  the  Spaniards  came  in, 
yet  several  reliques  and  monuments  of  them  remain  unto  this  day." 

The  seventh  inca,  Viracocha,  constructed  some  water  works,  which,  in 
their  beneficial  effects,  perhaps  equalled  any  similar  undertakings  in  any 
other  part  of  the  world.  **  He  made  an  aqueduct  12  feet  in  depth,  and 
120  leagues  in  length  :  the  source  or  head  of  it  arose  from  certain  springs 
on  the  top  of  a  high  mountain  between  Parcu  and  Picuy,  which  was  so 
plentiful  that  at  the  very  head  of  the  fountains  they  seemed  to  be  rivers- 
This  current  of  water  had  its  course  through  all  the  countiT  of  the  Ru 
canas,  and  served  to  water  the  pasturage  of  those  uninhabited  lands,  which 
are  about  18  leagues  in  breadth,  watering  almost  the  whole  country  ^ 
Ferur 

**  There  is  another  aqueduct  much  like  this,  which  traverses  the  whole 
pn)vince  of  Cuntisuyu^  running  above  150  leagues  from  south  to  north. 
Its  head  or  original  is  from  the  top  of  high  mountains,  the  which  waters 
falling  into  the  plains  of  the  QuenhuaSf  greatly  refresh  their  pasturage 
i^rhen  the  heats  of  the  summer  and  autumn  have  dried  up  the  moisture  of 
the  earth.  There  are  many  streams  of  like  nature,  which  run  through 
divers  parts  of  the  empire,  which  being  conveyed  by  aqueducts,  at  the 
charge  and  expense  of  the  incas,  are  works  of  *grandeur  and  ostentation, 
and  which  recommend  the  magnificence  of  the  mcas  to  all  posterity ;  for 
these  aqueducts  may  well  be  compared  to  the  miraculous  fabrtcks  which 
have  been  the  works  of  mighty  princes,  who  have  left  their  prodigious 
monuments  of  ostentation  to  be  admired  by  future  ages ;  for,  indeed,  we 
ought  to  consider  that  these  waters  had  their  source  and  beginning  from 
▼ast,  high  mountains,  and  were  carried  over  craggy  rocks  and  inaccessible 
passages  ;  and  to  make  these  ways  plain,  they  hacl  no  help  of  instruments 
forged  of  steel  or  iron,  such  as  pickaxes  or  sledges,  but  served  themselves 
only  with  one  stone  to  break  another.     Nor  were  they  acquainted  with 
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the  'jivention  of  arclies,  to  convey  the  water  on  the  level  from  one  preci 
pice  to  the  other,  but  traced  ronnd  the  mountain  until  they  found  ways 
and  passages  at  the  same  height  and  level  with  the  head  of  the  springs. 

"  The  cisterns  or  conservatories  which  they  made  for  these  waters,  at 
the  top  of  the  mountain,  were  about  twelve  feet  deep ;  the  passage  was 
broken  through  the  rocks,  and  channels  made  of  hewn  stone,  of  about  two 
yards  long  and  about  a  yard  high  ;  which  were  cemented  together,  and 
rammed  in  with  earth  so  hard,  that  no  water  would  pass  between,  to 
we»iken  or  vent  itself  by  the  holes  of  the  channel. 

"  The  current  of  water  which  passes  through  all  the  division  of  Cunti- 
miyu  I  have  seen  in  the  province  of  Qucchua,  which  is  part  of  that  divis- 
ion, and  considered  it  an  extraordinary  work,  and  indeed  surpassing  the 
description  and  report  which  hath  been  made  of  it.  But  the  Spaniards 
who  were  aliens  and  strangers,  little  regarded  the  convenience  of  these 
works,  either  to  serve  themselves  in  the  use  of  them,  or  keep  them  in  re- 
pair, nor  yet  to  take  so  much  notice  of  them,  as  to  mention  them  in  their 
histories,  but  rather  out  of  a  scornful  and  disdaining  humor,  have  suffered 
them  to  run  into  ruine,  beyond  all  recovery.  The  same  fate  hath  befallen 
the  AQUEDUCTS  which  the  Indians  made  for  watering  their  com  lands,  of 
which  two  thirds  at  least  are  wholly  destroyed,  and  none  kept  in  repair, 
unless  some  few  which  are  so  useful  that  without  them  they  cannot  sus- 
tain themselves  with  bread,  nor  with  the  necessary  provisions  of  life. 
All  which  works  are  not  so  totally  destroyed,  but  tliat  there  still  remains 
some  mines  and  appearances  of  them." 

The  last  who  was  independent,  and  by  far  the  worst  of  the  incas,  was 
Aiahualpa  or  Atabalipa,  the  13th  from  Manco  Capac.  He  treacherously 
slew  his  brother  and  murdered  nearly  all  his  relations.  Garcilasso's 
mother  and  a  few  others  escaped.  He  was  strangled  by  Pizarro  in  May 
1533,  after  having  purchased  his  life  of  that  monster,  by  filling  the  room  ot 
his  prison  with  gold  and  silver  vessels,  and  ingots,  to  a  line  chalked  round 
the  wall,  at  the  height  of  about  seven  feet  from  the  ground.  This  room 
was  twenty-five  feet  by  sixteen. 

That  the  Peruvians  had  weUs  in  the  remotest  times  has  already  been  no- 
ticed ;  and  when  the  Spaniards  invaded  their  country,  great  quantities 
of  treasures  were  thrown  into  them.  The  discovery  of  these  wells 
may  yet  bring  to  view  numerous  specimens  of  their  works  in  the 
metals.  We  have  not  met  with  any  intimation  of  their  manner  of  raising 
water,  whether  by  a  simple  cord  and  vessel,  by  means  of  a  pulley,  or 
a  windlass,  or  any  other  machine.  'Tis  true  that  Garcilasso,  when  desrrib- 
tng  the  various  pendants  which  t'^iey  wore  in  their  ears,  mentions  zings 
as  large  "  as  the  frame  of  a  pulley,  for  they  were  made  in  the  tonn  of 
those  w\\!kiyfh\c\i  we  draw  up  jntchersfrQin  a  wdl^  and  of  that  compass,  that 
in  case  it  were  beaten  straight,  it  would  be  a  quarter  of  a  yard  long  and 
a  finger  in  thickness,"  but  in  this  passage  we  understand  him  to  refer  to 
the  Spanish  method  of  drawing  water ;  and  this  is  probable,  for  in  anoth- 
er part  of  his  work,  when  speaking  of  the  large  stones  used  in  the  public 
buildings  at  Cusco,  he  says  the  workmen  had  neither  cranes  nor  ptdieyt. 
Still  it  is  possible  that  he  referred  to  the  mode  his  countrymen  employed. 

There  are  conclusive  proofs  however,  in  some  extracts  that  are  too  in- 
teresting to  be  omitted,  that  the  ancient  Peruvians  were  well  acquainted 
with  the  management  and  distribution  of  water  through  pipett ;  and  of 
making  and  laying  the  latter ;  and  what  is  singular,  both  the  sources  of 
the  water  and  the  direction  of  the  tubes  under  ground  were  kept  secret, 
as  was  the  custom  with  some  people  of  Asia.  "  In  many  of  the  houses 
(of  the  incas)  were  great  cisterns  of  gold,  in  which  they  bathed  themselvea 
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with  COCKS  and  pipes  qf  the  same  metal,  for  conveyance  of  the  water." 
Some  interesting  particulars  are  also  given  by  Garcilasso  respecting  the 
supply  of  Cusco  with  water.  Speaking  of  a  certain  street,  he  says,  "  near 
thereunto  are  two  pipes  of  excellent  water,  which  pass  under  ground,  but 
by  whom  they  were  laid  and  brought  thither,  is  unknown,  lor  want  of 
writings  or  records  to  transmit  the  memory  of  them  to  posterity.  Those 
pipes  of  water  are  cBlled. silver  snakes,  because  the  whiteness  of  the  wa- 
ter resembled  silver ;  and  the  windings  or  the  meanders  of  the  pipes  were 
like  the  coils  and  turnings  of  serpents.''  In  the  fortress  of  Cusco  was  "a 
fountain  of  excellent  water,  which  was  brought  at  a  fai*  distance  under 
ground,  but  where  and  from  whence  the  Indians  do  not  know ;  for  such 
secrets  as  these  were  always  reserved  from  common  knowledge  in  the 
breasts  of  the  inca  and  of  his  counsel."  The  lake  Chinchii-u  near  Cusco, 
contained  good  water,  and  "by  the  munificence  of  the  inca  was  fur- 
nished with  several  pipes  and  aqueducts,"  to  convey  water  into  lower 
grounds,  which  were  used  till  rendered  useless  by  neglect  of  the  Span- 
iards. "  Afterwards,  in  the  year  1555  and  5Q,  they  were  repaired  by  my 
lord  and  father  Garcilasso  de  la  Vega,  he  being  the  mayor  of  that  city,  and 
in  that  condition  I  left  them." 

In  describing  the  temple  and  gardens  at  Cusco,  he  observes,  *'  there 
were  five  fountains  of  water,  which  ran  from  divers  places  through  pipes 
o£  gold.  Thedslems  were  some  of  stone,  and  others  of  gold  and  silver, 
in  which  they  washed  their  sacrifices,  as  the  solemnity  of  the  festival  ap- 
pointed. In  my  time  tliere  was  but  one  of  these  fountains  remaining, 
which  served  the  garden  of  a  convent  with  water ;  the  others  were  lost, 
either  for  want  of  drawing  or  cleansing,  and  this  is  very  probable,  be- 
cause, to  my  knowledge,  that  which  belonged  to  the  convent  was  lost  for 
six  or  seven  months,  for  want  of  which  water  the  whole  garden  was  dried 
up  and  withered,  to  the  great  lamentation  of  the  convent  and  the  whole 
city ;  nor  could  any  Indian  understand  how  that  water  came  to  fail,  or  to 
what  place  it  took  its  course.  At  length  they  came  to  find  that  on  the 
west  side  of  the  convent  the  waiter  took  its  course  under  around,  and 
fell  into  the  brook  which  passes  through  the  city ;  which  in  the  times  of 
the  incas  had  its  banks  kept  up  with  stones,  and  the  bottom  well  paved, 
tliat  the  earth  might  not  fall  in ;  the  which  work  was  continued  through 
the  whole  city,  and  for  a  quarter  of  a  league  without ;  which  now  by  the 
carelessness  and  sloth  of  the  Spaniards  is  broken,  and  the  pavement  dis- 
placed ;  for  though  the  spring  commonly  yields  not  water  very  plentifnl- 
ly,  yet  sometimes  it  rises  on  a  sudden  and  makes  such  an  incredible  inun- 
dation that  the  force  of  the  current  hath  disordered  the  channel  and  the 
bottoms." 

"  In  the  year  1558  there  happened  a  great  eruption  of  water  from  this 
fountam,  which  broke  the  main  pipe  and  the  channel,  so  that  the  fury  of 
the  torrent  took  another  course  and  left  the  garden  dry ;  and  now  by  that 
abundance  of  rubbish  and  sullage  which  comes  from  the  city,  the  channel 
is  filled  up,  and  not  so  much  as  any  mark  or  signal  thereof  remains.  The 
friars,  though  at  length  they  used  all  the  diligence  imaginable,  yet  they 
could  not  find  the  ancient  channel,  and  to  trace  it  from  the  fountain  head 
by  way  of  the  pipes,  it  was  an  immense  work,  for  they  were  to  dig 
through  houses  and  deep  conveyances  under  ground,  to  come  at  it,  for  the 
head  of  the  spring  was  high.  Nor  could  any  Indian  be  found  that  could 
give  any  direction  herein,  which  discouraged  them  in  their  work,  and  in 
3ie  recovery  of  the  others  which  anciently  belonged  to  the  temple 
Hence  we  may  observe  the  iterance  and  inadvertisement  of  those  In- 
dians, and  how  little  the  benefit  of  tradition  availed  p'-aongst  them;   fm 
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though  It  be  only  forty- two  years  at  this  day  since  those  waters  forsook 
their  course  ;  yet  neither  the  loss  of  so  necessary  a  provision  as  water, 
which  was  the  refreshment  of  their  lives,  nor  of  that  stream  which  sup- 
plied the  temple  of  the  sun,  their  god,  could  by  nature  or  religion  con- 
serve in  them  the  memory  of  so  remarkable  a  particular.  The  truth  is, 
that  it  is  probable  that  the  undertakers  or  master-workmen  of  those  water 
works  did  communicate  or  make  known  to  the  priests  only,  the  secret  con- 
veyances of  those  waters ;  esteeming  every  thing  which  belonged  to  the 
honor  and  service  of  the  temple  to  be  sacred,  that  it  was  not  to  be  re- 
vealed to  common  ears,  and  for  this  reason  perhaps  the  knowledge  of  those 
waters  might  dye  and  end  with  the  order  of  priests." 

"  At  the  end  of  six  or  seven  months  after  it  was  lost,  it  happened  that 
some  Indian  boys  playing  about  the  stream,  discovered  an  eruption  of  wa- 
ter from  the  broken  pipe ;  of  which  they  acquainting  one  the  other,  at 
length  it  came  to  the  knowledge  of  the  Spaniards,  who,  judging  it  to  be 
the  water  of  the  convent  that  had  been  lost.and  diverted  from  its  former 
course,  gave  information  thereof  unto  the  friars,  who  joyfully  received 
the  good  news,  and  immediately  labored  to  bring  it  again  into  direct 
conveyance,  and  conduct  it  to  their  garden.  The  truth  is,  the  pipes  lying 
very  deep  were  buried  with  earth,  so  that  it  cost  much  labor  and  pains  to 
to  reduce  it  to  its  right  channqj ;  and  yet  they  were  not  so  curious  or  in- 
dustrious as  to  trace  the  fountain  to  the  spring  head.  That  garden  which 
now  supplies  the  convent  with  herbs  and  plants,  was  the  garden  which  in 
the  times  of  the  incas  belonged  to  their  palace,  called  the  garden  of  gold 
and  silver  ;  because,  that  in  it  were  herbs  and  flowers  of  all  sorts,  lower 
plants  and  shrubs,  and  taller  trees,  made  all  of  gold  aftd  silver  ;  together 
with  all  sorts  of  wild  beasts  and  tame,  which  were  accounted  rare  and 
unusual.  There  wei'e  also  strange  insects,  and  creeping  things,  as  snakes, 
serpents,  lizards,  camelions,  butterflies,  and  snails;  also  all  sorts o£ strange 
birds,  and  every  thing  disposed,  and  in  its  proper  place  with  great  care, 
and  imitated  with  much  curiosity,  like  the  nature  and  original  of  that  it 
represented.  There  was  also  a  mayzall,  which  bears  the  Indian  wheat  of 
an  extraordinary  bigness,  the  seed  whereof  they  call  quinia.  Likewise 
plants  which  produce  lesser  seeds,  and  trees  bearing  their  several  sorts  o( 
fruit,  all  made  of  gold  ajui  silver,  and  excellently  representing  them  in 
their  natural  shapes.  In  the  palace  also,  they  had  heaps  or  piles  of  billets 
hnd  Jaggots  made  of  gold  and  silver,  rarely  well  counterfeited.  And  foi 
the  greater  adornment  and  majesty  of  the  temple  of  their  god  the  sun, 
they  had  cast  vast  figures  in  the  forms  of  men  and  women  and  children, 
which -they  laid  up  in  magazines  or  large  chambers,  called  pirra;  and 
every  year,  at  the  principal  feasts,  the  people  presented  great  quantities 
of  gold  and  silver,  which  were  all  employed  in  the  adornment  of  the  tem- 
ple. And  those  goldsmiths  whose  art  and  labor  was  dedicated  to  the  sun, 
attended  to  no  other  work,  than  daily  to  make  new  inventions  of  rare  work- 
manship* out  of  those  metals.  In  short  they  made  all  sorts  of  vessels  or 
uteTuils  belon^ng  to  the  temple,  of  gold  and  silver,  such  as  pots^  and  pans^ 
and  pails,  wad  fire  sliovels,  and  tongs,  and  every  thing  else  of  use  and  ser- 
ial ce,  even  their  very  spades  and  rakes  of  the  garden  were  made  of  the 
like  metal."* 

The  author  of  *  Italy,  with  sketches  of  Spain  and  Portugal,'  Phil. 
1834,  enumerating  some  of  the  curiosities  in  the  museum  of  Madrid,  re* 

■The  mission  of  Mesura.  James,  Bowdich  and  Hutchinson,  sent  by  the  British  go 
vemment  to  Ashantee,  found  the  king  and  all  his  attendants  literally  oppressed  with  em 
beilishments  of  solid  gold,  with  which  their  persons  werj  nearly  covered.    '  Even  the 
common  vtensUs  were  composed  of  that  metal.* 
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marks :  **  what  pleased  me  most,  was  a  collection  of  Peruvian  vases ;  a 
polished  stone  which  served  the  incas  for  a  mirror ;  and  a  linen  mantle, 
which  formerly  adorned  their  copper  colored  shoulders,  as  finely  woven 
as  a  shawl,  and  flowered  in  very  nearly  a  similar  manner ;  the  colors  as 
fresh  and  vivid  as  if  new."     Vol.  ii,  211. 

It  is  difficult  after  perusing  the  history  of  this  interesting  people,  to  re- 
concile the  state  of  the  arts  among  them  at  the  Spanish  invasion,  with  the 
opinion,  that  Manco  Capac  arrived  from  Asia  at  so  late  a  period  as  the 
12th  century.  If  he  was  the  enterprising  and  intelligent  man  that  he  is 
represented  ta'have  been,  and  there  is  every  reason  to  believe  he  was,  it 
is  impossible  that  as  an  Asiatic,  he  could  have  been  ignorant  of  the  saw, 
the  auger,  files,  of  fitting  wooden  handles  to  hammers,  of  nails,  scissors, 
the  crane,  windlass,  pulley,  the  arch,  iron,  &c  :  or  having  a  knowledge  of 
these  things,  that  he  should  not  have  introduced  them,  or  at  least  some  of 
them.  But  if  the  Peruvians  were  also  ignorant  of  the  swape,  noria, 
or  chain  of  pots,  the  objections,  to  such  an  opinion  are  g^atly  strengthen- 
ed. From  what  part  of  the  eastern  world  could  such  a  man  have  come 
without  having  a  knowledge  of  these  machines,  and  yet  be  acquainted,  as 
he  was,  with  all  the  essential  features  of  oriental  agnculture  ?  Machines 
too,  of  the  utmost  importance  in  Peru,  where  rain  was  generally  unknown, 
and  water  scarce  ana  valuable  as  in  £gypt  itself — and  machines  more 
necessary  than  any  other,  in  furthering  the  objects  he  had  in  view 
While  a  doubt  remains  respecting  their  employment,  we  should  sup 
pose  that  he  really  was,  as  surmised  by  Garcilasso,  a  native,  who  by 
the  superiority  of  his  understanding,  and  by  a  subtile  deportment  (the  more 
effectually  to  carry  out  his  measures)  persuaded  the  people  that  he  came 
from  the  sun.  Indeed,  the  state  of  the  useful  arts  generally  among  them 
in  the  15th  century,  implies  that  they  had  not  had  any  permanent  connec- 
tion with  Asiatics  fur  many  ages ;  but  that  they  were  gradually  recovering 
a  knowledge  of  the  arts,  which  in  very  remote  times  had  been  practised 
by  nations  then  extinct ;  and  hence  the  paucity  of  their  tools  and  the 
peculiarity  of  some  of  their  devices,  as  their  quipptu  or  historical  cords, 
their  modes  of  computation,  &c.  Moreover,  neither  the  Mexicans  nor 
Peruvians  had  reduced  the  lower  animals  to  subjection,  at  any  rate  not 
for  agricultural  purposes ;  and  though  they  had  neither  the  horse,  the  ass, 
nor  ox ;  yet  the  former  had  the  buffalo,  an  animal  that  has  been  used 
from  the  remotest  ages  to  plough  the  soil.  This  circumstance  alone  is 
sufficient  to  show  that  they  did  not  derive  their  knowledge  of  agriculture 
from  Asia,  within  the  time  generally  supposed,  if  at  all. 

Who  can  reflect  on  the  civilized  people,  that  in  remote  ages  inhabited 
these  continents,  without  mourning  over  their  extinction,  and  the  loss  of 
every  record  respecting  them  1  A  people,  whose  very  'existence  would 
have  been  unknown,  had  not  some  relics  of  their  labors  (like  the  organic 
remains  of  animals  whose  species  are  extinct)  yet  resisted  the  corroding 
effects  of  time.  When  we  examine  the  ruins  of  their  temples,  their  cities, 
and  other  monuments  of  their  progress  in  the  arts,  our  disappointment 
amounts  to  distress,  that  the  veil  which  conceals  them,  is  not,  and  perhaps 
cannot  be  removed.  Strange  as  it  may  appear,  we  are  almost  as  ignorant 
of  the  mysterious  Falenque,  and  hundreds  of  other  cities,  equally  and 
■ome  of  them  perhaps  much  more  ancient — as  of  the  builders  of  Babe]«« 
and  we  know  about  as  little  of  their  early  inhabitants  as  if  tl.ey  had  been 
located  on  another  planet. 

END  OF  THE  FIRST  BOOK. 
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CHAPTER    I. 

Ok  maehuet  that  raise  water  hj  atmoipkeric  prewore  Principle  of  their  action  formerly  unknown-* 
Suction  a  chimeric— Ascent  of  water  in  pumpn  incomprehensible  without  a  knowledf  e  of  atmoapherie 
pres»ure— Phenomena  in  the  organizatioUf  habits,  and  motions  of  animals— Rotation  of  the  atmosphere 
with  the  earth— Air  tangible— Compressible — Ezpansiblo— Elastic— Air  beds— Ancient  beds  and  bed- 
steads— Weight  of  air — ^lis  pressure — Examples — American  Indians  and  the  air  pump— 'Boa  Constrictor 
^-Swallowiog  oysters— Shooting  bullets  by  the  rarefaction  of  air^Boy's  sucker— Suspension  of  flies 
against  grarity — Lixards—Fsog*— Walrus— Connection  between  all  departments  of  knowledge— Suck 
ing  fish — Remora— Lampreys— Dampier — Christopher  Columbus  at  SL  Domingo— Ferdinand  Columbua 
^-Ancient  fable— Sudden  ezpanmon  of  air  bursting  the  bladders  of  fish — Pressure  of  the  atmosphere  oq 
liqnids. 

With  the  last  chapter  we  concluded  our  remarks  on  machines  em- 
braced in  the  first  general  division  of  the  subject,  (see  page  8)  and  now 
proceed  to  those  of  the  second  ;  viz.  such  as  raise  water  by  means  of  the 
weight  or  pressure  of  the  atmosphere.  These  form  a  very  interesting 
class^-they  are  genuine  philosophical  instruments,  and  as  such  may  serve 
to  exhibit  and  illustrate  some  of  the  most  important  truths  of  natural  phi- 
losophy. The  principle  upon  which  their  action  depends  was  formerly  un- 
known, and  even  now,  a  person,  however  ingenious,  while  ignorant  of  the 
nature  and  properties  of  the  atmosphere,  would  be  utterly  unable  to  ac- 
count for  the  ascent  of.  water  in  them.  Having  no  idea  of  the  cause  of 
this  ascent,  except  the  vague  one  of  suction,  he  would  feel  greatly  embar- 
rassed if  required  to  explain  it.  And  when  informed  that  diere  really  is 
no  such  thing  in  nature  as  suction,  but  that  it  is  a  mere  chimera,  having  no 
existence  except  in  the  imagination,  the  task  would  be  attended  with  in- 
superable difficulties.  Perhaps  he  would  have  recourse  to  a  common 
fump,  to  trace,  if  possible,  the  operation  in  detail ;  if  so,  he  would  natural- 
ly begin  with  the  first  mover,  or  the  pump  hapdle,  and  would  look  for 
some  mediumy  by  which  motion  is  transmitted  from  it,  to  the  water  in  the 
well ;  but,  however  close  the  scrutiny  might  be  made,  he  would  be  una- 
ble to  ^detect  any ;  and  as  a  matter  of^  course,  while  a  connection  between 
them,  i.  e.  between  the  mover  and  the  object  moved,  could  not  be  discov- 
ered, it  would  be  impossible  for  him  satisfactorily  to  account  for  the  phe- 
nomenon. If  "a  body  cannot  act  where  it  is  not  present,"  as  the  sucker 
of  a  pump,  on  water  at  a  distance  from  it,. how  could  such  a  person  ac- 
count for  the  ascent  of  that  water  in  obedience  to  the  movements  of  the 
•ticker  t     And  how  could  he  explain  the  process  hy  which  it  was  effected 
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while  he  could  find  no  apparent  communication  between  them  ?  The  factoid 
it  would  be  difficult  for  him  to  point  out  any  closer  connection  between 
the  pump  rod  and  the  water  in  the  well,  than  between  a  walking  cane  in 
the  hands  of  a  pedestiian,  and  water  under  the  surface  of  the  ground 
over  which  he  stepped  ;  nor  could  he  assign  a  conclusive  reason,  why  the 
liquid  should  not  ascend  and  accompany  the  movements  of  the  latter  as 
well  as  of  the  former. 

He  could  perceive  no  obvious  or  culeguate  cause  for  the  elevation  of 
water  through  the  pipe  of  a  pump,  there  being  no  apparent  force  applied 
to  it.  or  in  the  direction  of  its  ascent,  no  vessel  or  moveable  pallet  going 
down,  as  ic  the  preceding  machine©,  to  convey  or  urge  the  liquid  up — and 
hence  he  could  no  more  comprehend  how  the*movements  of  a  pump  box 
(sucker)  above  the  surface  of  the  ground,  should  induce  water  in  a  well 
to  rush  up  towards  it,  than  he  could  explain  how  the  waving  of  a  magi- 
cian's wand  should  cause  spirits  to  appear. 

Long  familiarity  with  the  atmospheric  pump,  makes  it  hard  for  us,  at  the 
present  day,  to  realize  the  difficulties  formerly  experienced  in  accounting 
for  the  ascent  of  water  in  it.  Suppose  the  cause  yet  unknown  and  un- 
thought  of — it  certainly  would  puzzle  us  to  explain  how  a  piece  of  leath- 
er (the  sucker)  moving  up  and  down  in  a  vertical  tube;  whose  lower  ori- 
fice is  in  water,  some  twenty- five  or  thirty  feet  below  it,  should  conjure 
that  water  up.  Such  a  result  is  opposed  to  all  experience  and  observa- 
tion in  other  departments  of  the  arts ;  nor  is  there  any  thing  like  it,  in  the 
machines  we  have  examined  in  the  preceding  book.  The  mechanism  by 
which  motion  is  transmitted  from  them  to  the  water,  is  obvious  to  the 
senses-— a  tangible  medium  of  communication  is  established  between  the 
force  that  works  them  and  the  water  they  raise ;  whereas  in  the  pump,  an 
invisible  agent  is  excited,  whose  effects  are  as  surprising  as  its  mode  of 
operation  is  obscure.  'Tis  true,  a  tube  (the  pump  pipe)  is  continued  from 
the  place  where  the  sucker  moves  to  the  water,  but  it  remains  at  rest,  or 
:8  immoveable,  and  therefore  cannot  transmit  motion  from  one  to  the  other; 
ft  is  merely  a  channel  through  which  the  water  may  rise — it  does  not 
raise  it. 

Bat  >f,  m  order  to  estabhsh  a  connection  between  the  sucker  and  water, 
the  former  were  made  to  descend  through  the  pump  into  the  latter,  still 
the  difficulty  would  not  be  overcome.  The  sucker  in  that  case  would  act 
much  like  one  of  those  buckets,  used  in  some  wells,  which  has  an  opening 
in  its  bottom  to  admit  the  water,  and  covered  by  a  flap  to  prevent  iu 
return.  (The  sucker  is  in  fact,  merely  a  small  bucket  of  this  kind,  and  is 
so  named  in  some  countries.)  In  both  cases  the  water  would  be  raised 
which  entered  through  the  valves — the  bucket  would  bring  up  all  it  con- 
tained, and  the  sucker  all  that  passed  through  it  into  the  pump ;  so  far  the 
operation  of  both  is  clear,  and  as  regards  the  raising  of  the  water  above 
the  valves,  would  be  the  same  ;  but  it  is  the  ascent  of  a  column  c  f  water 
behind  the  sucker  that  requires  explanation — ^a  liquid  column  that  follows 
it  as  closely  through  every  turn  of  the  tube,  as  if^  it  were  a  rope,  havihg 
its  fibres  at  one  end  fastened  to  the  sucker  and  pulled  up  by  it.  What 

is  it  that  makes  this  water  ascend  against  a  law  of  its  nature — against 
gravity  1  Were  the  cohesion  of  its  particles  such  that  it  could  be  raised 
by  a  force  applied  only  to  its  upper  end,  then  indeed  the  difficulty  would  be 
diminished ;  but  in  that  case,  it  would  follow  that  a  similar  column  would 
ascend  after  a  bucket  when  drawn  out  of  an  open  well ;  and  further,  that 
*  a  traveler  might  then  make  use  of  a  liquid  walking  stick,  to  assist  hint  ic 
his  journeying. 

Baffled  thus  in  our  attempts  to  find  a  solution  here,  we  perhaps  wo  ild 
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begin  to  think,  that  when  a  liquid  is  raised  in  the  pipe  of  a  pump,  it  must 
be  b^  some  force  acting  below,  or  behind  it,  a  force  a  tergo,  as  it  is  named, 
and  of  which  all  the  preceding  machines  are  examples.  Thu.«  when  a 
Ducker  of  water  is  raised  from  a  well,  the  force  is  applied  oehind  it, 
i.e.  to  the  bottom  of  the  bucket,  through  the  cord,  bale,  and  sides,  to  which 
it  is  attached.  It  is  the  same  in  the.  screw,  the  force  continually  elevating 
a  portion  of  it  immediately  behind  the  water ;  and  in  the  tympanum,  no- 
ria,  chain  of  pots,  chain  pump,  &c.  it  is  the  same ;  the  vessels  or  pallets 
go  below,  i.  e.  behind  the  liquid  and  urge  it  up  before  them.  It  is  the  same 
in  all  ordinary  motions.  I  wish  to  examine  a  small  object  laying  at  the 
foot  of  my  garden :  now  I  cannot  by  moving  this  ruier  in  its  direction,  in 
the  manner  of  a  pump  rod,  induce  it  to  move  to  me,  nor  can  it  ever  be  so 
moved,  until  the  force  of  some  other  body  in  motion  behind  it  impel  it  to- 
wards me.  It  is  the  same  in  the  case  of  a  stubborn  boy,  who  not  only  re* 
fuses  to  move  as  directed,  but  opposes  the  natural  ineitia  of  his  body  to 
Jie  change,  and  therefore  can  only  be  impelled  forward  by  some  force  ap- 
plied directly  or  indirectly  behind  him,  by  dragging  or  pushing  him  along. 
In  this  way,  all  the  motions  in  the  universe,  according  to  some  philoso- 
phers, are  imparted  or  transferred ;  those  which  appear  exceptions  being 
considered  modifications  of  it  Still  however,  the  difHculty  of  establishing 
a  connection  between  the  movements  of  the  sucker  in  the  interior  of  the 
pump  at  one  end,  and  this  force,  whatever  it  might  be,  acting  on  the  wa- 
ter, outxide  of  it,  at  the  opposite  end,  would  remain ;  and  we  should  prob- 
alily  at  last  impute  this  ascent  of  water  (with  the  ancients)  to  some  mde- 
finable  energy  of  nature,  both  fallacious  and  absurd  ;  nor  would  this  be 
surprising,  for  in  the  absence  of  a  knowledge  of  the  atmosphere  and  of 
its  properties,  there  really  is  as  great  a  mystery  in  the  movements  of  a 
pump  rod  being  followed  by  the  ascent  of  the  liquid,  as  in  any  thing  ever 
attributed  to  the  divining  rod,  or  to  the  wand  of  Abaris. 

In  order  to  understand  the  operation  of  machines  belonging  to  this  part 
jf  the  subject,  and  also  the  principle  upon  which  their  action  depends,  we 
must  Kave,for  a  few  moments,  the  consideration  of  pumps  and  pipes,  and  all 
the  contrivances  of  man,  and  turn  our  attention  to  some  of  the  Creator's  works 
as  they  are  exhibited  in  nature.  This  may  perhaps  be  deemed  a  depar- 
ture from  the  subject ;  it  is  however  so  far  from  being  a  digression,  that  it 
is  essentially  necessary  to  ascertain  the  cause  of  water  ascending  in  this 
class  of  machines,  as  well  as  to  understand  the  philosophy  of  numerous 
natural  as  well  as  artificial  operations,  that  are  performed  by  apparatus 
analogo<is  to  them ;  as  the  acts  of  inspiration  and  respiration,  quadrupeds 
drinking,  the  young  of  animals  sucking  their  dams,  children  drawing  nour- 
ishment from  their  mothers'  breasts :  bleeding  by  cupping,  by  leeches, 
or  by  the  more  delicate  apparatus  of  a  musketoe's  proboscis;  and  if 
things  ignoble  may  be  named,  the  taking  of  snuff,'  smoking  of  cigars  and 
pipes  of  tobacco,  and  also  the  experiments  of  those  peripatetic  philosophers, 
who  perambulate  our 'wharves,  and  imbibe  nectar  through  straws  from 
hogsheads  of  rum  and  molasses. 

Every  person  is  aware,  that  the  earth  on  which  we  live  is  of  a  globular 
or  spheroidal  figure,  and  that  it  is  enveloped  in  an  invisible  ocean  of  air  or 
gas,  which  extends  for  a  great  number  ot  miles  from  every  part  of  its  sur- 
face. This  hollow  sphere  of  air  is  named  the  atmosphere,  and  is  one  of 
the  most  essential  parts  in  the  economy  of  nature.  It  is  the  source  as 
well  as  the  theatre  of  those  sublime  meteorological  phenomena  which  we 
constantly  behold  and  admire.  It  is  necessary  to  animal  and  to  vegetable 
life.  Its  material  is  the  '  breath  of  life'  to  all  things  living.  Tt  is  more 
over  the  peculiar  element  of  land  animals,  the  scene  of  their  actions,  the 
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fluid  ocean  in  which  they  only  can  move,  and  within  which  they  are  air- 
ways immersed.  It  is  to  them,  what  the  sea  is  to  fish  :  remove  them  from 
it,  and  they  necessarily  die.  In  some  respects  nature  has  been  more  fa- 
vorable to  Hshes  than  to  us :  most  of  them  can  ascend  to  the  surface  of 
the  fluid  in  which  they  live,  but  we  can  only  exist  in  the  lowest  depths  of 
the  atmospheric  ocean  that  confines* us:  if  we  ascend  but  a  little,  our 
energies  begin  to  fail,  and  we  are  compelled  to  descend  to  the  bottom,  the 
place  she  designed  us  to  occupy. 

Possibly,  some  people  may  suppose  that  the  velocity  with  which  the 
earth  shoots  forward  in  her  orbit,  might  sometimes  cause  this  atmosphere 
(which  hangs  as  a  mantle  so  loosely  about  her)  to  be  left  floating,  like  the 
tail  of  a  comet,  behind ;  or  be  entirely  separated  from  her,  like  the  cloud  of 
rapor  which  the  impetuous  ball  leaves  at  the  cannon's  mouth.  Such  how* 
ever  is  not  the  fact ;  on  the  contrary,  it  revolves  uniformly  with  the  earth 
on  the  axis  of  the  latter,  and  accompanies  her,  as  a  part  of  herself,  round 
the  sun.  Were  it  indeed  separated  from  her,  but  for  a  moment,  either  by 
an  increase  or  diminution  o(^  her  velocity,  the  present  organization  of  na- 
ture would  be  destroyed  ;  every  mountain  would  be  hurled  from  its  base ; 
every  house  on  the  globe  would  be  leveled  ;  and  no  human  being  could 
survive.  Had  the  atmosphere  not  a  rotatory  motion  also,  in  common 
with  that  of  the  earth,  i.  e.  of  the  same  velocity  and  in  the  same  direction, 
a  very  different  state  of  things,  as  regards  the  arts,  would  have  subsisted 
than  those  which  we  behold.  For  example,  atrial  navigation  would  cer- 
tainly have  superseded  nearly  all  traveling  by  land  and  water ;  and  rail« 
roads,  and  locomotive  carriages,  and  steamboats,  would  hardly  have  been 
known ;  for  the  project  of  that  individual  who  proposed  to  visit  distant 
countries,  by  merely  ascending  in  a  balloon,  till  the  rotation  of  the  earth 
on  its  axis  brought  them  under  him,  when  he  intended  to  descend,  would 
have  been  no  visionary  scheme. 

Th4  air  is  tangible, — Although  the  substance  of  the  atmosphere  is  not 
visible  it  is  tangible ;  vre/eel  it  when  in  motion  as  ttnnd,  whether  it  be 
l^ently  disturbed  as  in  the  evening  breeze,  or  by  the  slight  waving  of  a 
lady 's  fan ;  or  when  greatly  excited,  as  in  the  hurricane,  or  the  violent  blast 
from  a  bellows'  mouth.  We  also  see  its  effects  when  thus  in  motion,  in 
the  direction  of  smoke,  extinction  of  our  tapers,  slamming  of  doors,  in  tho 
beautiful  waving  of  grass,  and  of  the  full  eared  grain  of  the  fields ;  trees 
yielding  to  its  impulse,  buildings  unroofed,  and  sometimes  in  the  prostra- 
tion of  large  tracts  of  forests;  in  windmills,  sailing  of  ships,  and  the  con- 
vulsions into  which  it  throws  the  otherwise  placid  ocean. 

Air  is  compressible. — Indeed  compressibility  rtid  expansibility  are  pro- 
perties of  all  bodies ;  by  the  abstraction  of  heat,  airs  are  compressed  into 
liquids,  and  liquids  into  solids,  while  an  increase  of  temperature  expands 
solids  into  liquids,  and  these  into  airs.  In  the  common  air  gun,  four  or  fiv^ 
gallons  of  the  dense  air  around  us  are  compressed  into  a  pint,  and  by 
further  pressure  they  may  be  squeezed  into  a  few  drops  of  liquid,  which 
a  tea  spoon  might  contain. 

Its  expansibility  or  dilatability  is,  so  far  as  known,  illimitable ;  the  space 
it  occupies  being  always  in  proportion  to  the  pressure  that  confines  it.  If 
a  collapsed  and  apparently  empty  bladder  be  placed  under  a  receiver, 
and  the  air  around  its  exterior  be  removed,  the  small  portion  within  will 
expand  and  swell  it  out  to  its  natural  shape.  If  it  were  possible  to  with- 
draw the  whole  of  the  air  from  this  room,  and  a  globule  no  larger  than  a  pea 
were  then  admitted,  it  would  instantly  dilate  and  fill  the  room.  The  upper 
strata  of  the  atmosphere  decrease  in  density  as  they  recede  from  the 
earth's  surface,  on  account  of  the  diminution  of  the  pressure  from  super- 
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incumbent  ttntt,  txiA  thus  at  a  certain  height  thii  smell  globule  of  air 
would  occupy  a  space  equal  to  the  earth  itself!  And  at  the  beig-ht  a(  four 
or  Bve  hundred  miles,  it  has  been  calculated,  that  leas  than  a  teacup  full 
of  thi.  hir  we  breathe,  would  fill  a  sphere  etjual  in  diameter  to  the  very 
orbU  of  Saium  !  The  efficiency  of^the  air  pump  in  producing  a  vacuum 
depends  entirely  on  this  property. 

Air  at  the  foot  of  a  mountain,  whose  elevation  is  between  three  and 
four  miles,  occupies  twice  the  apace  when  carried  to  the  top.  A  quart  of 
it  t^en  from  the  summit  would  be  reduced  to  a  pint  if  conveyed  to  iho 
bottom.  From  this  expanaive  power  of  air  arises  its  eleuticilif.  This  is 
Guniliar  to  most  people  ;  for  when  confined  in  flexible  vesaels,  as  air  beds, 
pillows,  life  preservers,  &c.  aa  soon  as  any  weight  or  pressure  imping- 
ing upon  them  is  removed,  the  elasticity  of  the  confined  fluid  pushes  up 
the  depressed  part  as  liefore.  If  air  within  a  bladder  were  not  elastic,  the 
impressions  made  by  the  Rngers  in  handling  it  would  remain  as  in  a  ball 
of  paste,  and  air  beds  would  retain  the  form  of  bodies  that  reposed  upon 
them,  like  a  founder's  mould  of  sand  or  plaster.*     Those  extremely  light 

■  Air  beds  are  not,  tu  lOaiB  persona  mppose,  of  modem  origin.  They  were  known 
bctfreen  three  md  fiiiir  handled  yean  ago,  u  appear*  from  the  annexed  cut,  (No.  68.) 
eopied  (mm  lODie  Sgiueii  attached  to  the  first  Genoan  truulatiou  of  Vegetiua,  A.  D. 
1511.  llrepreKnlsBoldienrepoaiDg  onlhem  in  time  «r  war,  with  lh«  Pwde  of  ihOa 
tinf  them  by  bellows. 


*.\\*//*. 


ThiaappliralioilorairwBsprobsbly  itnown  to  the  Ronuna.  Hattcgabalai  uaed  U 
omiue  hiniBeU"  wilh  Ihe  gueiti  he  invited  to  hu  baoqueti.  by  seating  Ibem  on  large  ban 
or  beds,  "full  of  wind,"  wbtch  being  made  luddeol/  to  collapra,  threw  'Jiegueataont&a 

Dr.  Amolt,  tbeanlhorof 'Eiemenuof  Phyiita.' a  few  vear>  hTO,  propoaed  ■  Ilrdru 
■talie  beds,'  aapeciBll;  for  iavaiida.  These  »i-  capacioii!  bnjfs,  fumied  of  wdia.ri'ibher 
cloth,  and  filled  with  aaUr  inaiead  ofrealhera,  hrir.  3tc.  Upon  one  of  Ui«s«  sson  and  ihio 
— "-~-  ia  laid,  and  then  Iho  ordinary  Goverinis.  \  parwio  floata  on  these  b-M*  as  on 
5J3 
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balls  of  caoutchouc^  which  of  late  years  have  been  intixxluoed  as  parlor 
toys  for  children,  rebound  from  the  objects  they  strike  by  the  spring  of 
tlie  air  they  contain.  In  the  boy's  pop  gun,  that  is  formed  of  a  quill,  the 
tiny  pellet  is  sent  on  its  harmless  errand  by  the  elastic  energy  of  the  com- 
pressed fluid.  And  in  the  air  gun,  it  is  the  elasticity  of  the  same  fluid 
tliat  projects  balls  with  the  force  of  gunpowder.  If  it  were  not  elastic, 
people  when  fanning  themselves  would  feel  it  thrown  against  their  per- 
sons like  water  or  sand.  The  act  of  inhaling  it  would  be  painful,  for  it 
would  enter  the  chest  by  gluts,  while  its  pulsations  in  sound  would  quickly 
destroy  the  membranes  of  the  ear. 

Perhaps  nothing  is  better  calculated  to  expand  our  ideas  of  the  proper- 
ties of  matter,  and  of  the  wonders  of  creation,  than  the  compressibility 
and  dilatabiltty  of  air.  From  the  last  named  quality,  it  is  probable  that 
there  is  no  such  thing  in  nature  as  an  ahsdute  vacuum ;  and  the  best  of 
our  air  pumps  can  scarcely  be  said  to  make  even  a  rude  approximation 
to  one !  Those,  whose  knowledge  of  nature  is  confined  to  impressions 
which  things  make  on  their  senses,  may  suppose  that  the  extremes  of  so- 
lidity may  be  found  in  a  pig  of  lead  and  a  bale  of  spunge ;  although  the 
former  is,  in  all  probability,  as  full  of  interstices  as  the  latter ;  and  such 
persons  could  with  difficulty  be  made  to  believe,  that  the  entire  mass  of 
matter  (air)  which ^^  a  space  so  immeasurably  large  as  to  baflUe  all  cal- 
culation could  be  compressed  into  a  lady's  thimble,  and  even  squeezed  in- 
to a  liquid  drop,  so  mmute,  as  scarcely  to  be  perceived  at  the  end  of  a 
needle. 

Like  all  other  matter  with  which  we  are  acquainted,  air  has  weight. 
This  property  is  not  naturally  evident  to  our  senses,  but  it  may  easily  be 
rendered  so.  By  accurately  w^eighing  a  bladder  when  filled  with  air  and 
afterwards  when  empty,  it  will  be  found  heavier  when  full.  This  was 
an  experiment  of  the  ancients,  but  the  moderns  have  ascertained  its  de- 
finite weight.  A  cubic  foot  of  it,  near  the  earth's  surface,  weighs  about 
1 J  ounces  or  -^^  part  that  of  water,  a  cubic  foot  of  the  latter  weighing 
1000  ounces  ;  hence  the  expression  "  water  is  800  times  heaver  than  air." 
The  aggregate  weight  of  the  atmosphere  has  been  calculated  at  up- 
wards of  77  billions  of  tons,  being  equivalent  to  a  solid  globe  of  lead  60 
miles  in  diameter ;  hence  its  pressure^  for  this  enormous  weight  reposes 
incessantly  upon  the  earth's  surface,  and  upon  every  object,  animate  or 
inanimate,  solid,  liquid,  or  aeriform.  The  pressure  it  thus  exerts,  (in  all 
places  that  are  not  greatly  elevated  above  Uie  level  of  the  sea)  is  equal  to 
to  about  15  lbs.  on  every  superficial  square  inch.  Thus  an  ordinary  sized 
person  exposes  so  large  a  surface  to  its  influence,  that  the  aggregate 
..       ■  ■    ..         ,  •  

water  alone,  for  the  liquid  in  the  bug  adapts  itself  to  the  uneven  surface  of  the  body,  umI 
sapportfl  eveiy  uart  reposing  upon  it,  with  a  uniform  pressure.    Water  beds  were  how 
ever  known  to  too  ancients,  for  Plutarch  {in  his  life  of  Alexander)  states  that  the  people 
in  the  province  of  Babylon  ilept  during  the  hot  months,  "  on  skins  filled  with  water." 
The  liiznzy  of  the  ancients  with  regard  to  beda  was  carried  to  a  surprising  ex 
tent.    They  were  of  down,  of  the  wool  of  Miletus,  and  sometimes  stuflfea  widi  pea 
cock's  featliers.    The  Romans  had  linen  sheets,  white  as  snow,  and  quilts  of  needle 
work,  and  sometimes  of  cloth  of  gold.     Bedsteads  among  the  rich  Greeks  and  Romans 
were  sometimes  of  ivoiy,  of  ebony,  and  other  rich  woods,  with  inlaid  work,  and  fiinires 
in  relief.    Some  were  of  massive  silver,  and  even  of  gold,  with  feet  of  onyx.    They 
had  them  also  of  iron.    One  of  that  material  was  found  in  Pompeii.    The  earliest  me 
toliic  bedstead  mentioned  in  history  is  that  of  Og,  king  of  Baahan.    The  Persians  had 
slaves  expressly  for  bed  making,  and  the  art  became  fiimous  in  Rome.     Qntdtnn  beds 
often  formed  part  of  the  plunder  which  the  generals  exhibited  at  their  triumphs.    The 
Athenians  pnt  Timagoras  their  ambassador  to  Persia  to  death,  for  aecepting  presenls 
from  tlie  king,  among  which  was  a  "  magnificent  bed  with  servants  to  make  it.      Plm 
tarth  iff  Pdclfidat, 
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pressure  which  his  hody  sustains  is  not  less  than  14  or  15  tons.  ''  Not  lest 
than  what  ?"  once  exclaimed  an  elderly  and  corpulent  lady.  "  Why  how 
can  that  be  1  We  could  neither  talk,  nor  walk,  nor  even  move  ;  and  be 
sides,  sir,  if  that  is  the  case,  why  don't  we  feel  it]**  For  a  very  simple 
reason,  though  at  the  first  view  not  a  very  obvious  one.  Air,  as  a  fluid, 
presses  equally  in  ecery  directum — ^upwards  as  well  as  downwards — side- 
ways and  every  way.  Its  component  particles  are  so  inconceivably 
minute,  that  they  enter  all  substances,  even  liquids.  Air  is  mixed  up  and 
circalaies  with  the  blood  of  all  aninials ;  it  penetrates  all  the  ramifications 
and  innermost  recesses  of  our  porous  bodies,  and  by  the  pressure  of  its 
superincumbent  strata  is  urged  through  them,  almost  as  freely  as  through 
the  fleece  of  wool  on  a  sheep's  back,  or  between  the  fibres  and  threads 
of  a  ball  of  silk.  Now,  it  is  this  circulation  through  the  interior  of  our 
bodies  that  balances  its  pressure  without.  If  its  weight  upon  us  were  not 
thus  neutralized,  we  certainly  could  neither  talk  nor  walk  :  the  lips  of  the 
loudest  speaker,  when  once  closed,  could  never  be  opened.  We  should  be 
as  mute  and  immoveable  as  if  enclosed  in  statues  of  lead.  And  we  should 
Jed  it,  too — ^that  is,  for  a  moment ;  for  it  would  as  effectually  crush  us  to 
death,  as  if  we  were  placed  in  mortars,  and  pestles^  each  weighing  14  or 
l/>  tons,  were  suddenly  dropped  upon  us. 

It  is  the  air  within  the  breast  of  the  mother  that  forces  milk  into  an ' 
infant's  mouth,  when  the  latter,  by  instiuct,  removes  the  external  pressure 
from  the  nipple  by  sucking.  It  is  the  same  with  all  mammiferous  animals. 
The  operation  of  cupping  is  another  illustration  of  the  same  thing :  the 
rarefaction  of  the  air  under  the  cup  produces  a  partial  vacuum  within  it ; 
and  as  the  external  pressure  of  the  atmosphere  is  removed  from  that  part 
which  is  under  it,  the  internal  pressure  urges  the  blood  through  the 
wounds.  Were  cupping  instruments  applied  over  the  eyes,  those  organs 
would  be  prolrudea  from  their  sockets. 

As  it  is  the  prejfsure  of  the  atmosphere  upon  which  the  action  of  the 
machines  about  to  be  described  principally  depends,  we  shall  extend  our 
remarks  upon  it. 

Suppose  a  specimen  of  delicate  fiUagrane  work,  formed  of  the  finest 
threads  and  plates,  and  of  the  human  form  and  size,  were  sunk  in  water  to 
the  depth  of  34  or  35  feet ;  it  would  then  be  exposed  to  the  same  degree 
of  pressure  to  which  our  bodies  are  subject  from  the  atmosphere ;  and 
when  drawn  up,  it  would  be  found  uninjured,  l^ecause  the  water  entering 
into  all  its  cavities,  pressed  just  as  much  against  its  interior  surfaces  as  the 
liquid  around  it  against  tlie  exterior.  But  if  it  were  enclosed  in  a  skin  or 
flexible  covering,  impervious  to  water,  and  then  sunk  as  before,  the  pres- 
sure of  the  liquid  around  its  exterior  (not  being  balanced  by  any  within) 
would  crush  it  mto  a  shapeless  mass.  Just  so  would  it  be  with  our 
bodies,  and  those  of  all  terrestrial  animals,  if  the  air  within  them  did  not 
counteract  the  pressure  without.  And  as  long  as  this  interior  circulation 
remains,  we  can  no  more  feel  tlie  pressure  of  the  atmosphere  than  a  fish 
feels  that  of  water ;  nor  can  we  be  deranged  or  compressed  by  It,  any 
more  than  a  bundle  of  wool  is,  or  a  mass  of  entangled  wire.  It  was 
ignorance  of  this  simple  fact— fiir  in  the  interior  of  bodies  exactlv  balancing 
the  exterior  pressure— that  led  the  ancients  astray,  and  induced  one  of  the 
most  sagacious  intellects  that  was  ever  clothed  in  humanity  (Aristotle)  to 
ascribe  thifi  pressure  to  "  nature's  abhorrence  of  a  vacuum." 

Since  the  invention  of  the  air-punfp  in  1654,  numerous  experiments 
are  made,  which  demonstrate  the  pressure  of  the  atmosphere.  By  it,  this 
pressure  may  be  removed  from  one  part  of  the  body,  while  it  is  left  free 
act  to  with  undiminished  energy  on  the  opposite  part ;  as  wb^n  the  paliD 
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of  the  hand  is  held  over  the  aperture  of  an  exhausted  receiver,  the  weight 
or  pressure  of  the  air  on  the  back  being  no  longer  balanced  by  its  action 
on  the  palm,  the  hand  is  irresistibly  held  to  the  vessel.  A  criminal  or 
maniac,  whose  hands  and  feet  are  thus  treated,  would  be  as  effectually 
secured  as  by  fetters  of  iron.  Few  things  are  better  calculated  to  excite 
wonder,  and  even  horror,  in  the  savage  mind,  than  a  part  of  the  body 
being  thus  rendered  helpless,  as  if  spell-bound  by  some  invisible  agent 
A  few  years  ago,  an  experiment  was  made  with  the  chief  of  a  delegation 
of  Pottawatamies  to  the  seat  of  government,  at  which  'the  writer  was 
present.  Although  the  interpreter  previously  endeavored  to  make  them 
understand  the  intended  operation,  it  will  readily  be  supposed  that  such 
an  attempt  must  necessarily  have  been  fruitless.  When  the  receiver  was 
exhausted,  he  was  amazed  to  find  h'b  hand  immoveable,  and  that,  like 
Jeroboam's,  '*  he  could  not  pull  it  ir  again  to  him."  In  his  endeavors  to 
free  it,  he  rapidly  uttered  the  characteristic  interjections,  ugh  !  ugh  !  and 
at  last  shrieked,  as  if  in  despair  of  being  delivei*ed  from  the  power  of  the 
white  enchanter ;  when  his  attending  warriors  flourished  their  tomahawks 
and  rushed  to  his  rescue,  as  if  roused  by  the  war-whoop. 

It  is  not,  hi«wever,  necessary  to  have  recourse  to  the  air-pump,  for 
pr)of8  of  atmospher'c  pressure.  Numerous  operations  daily  occut  in 
common  life  which  equally  establish  it.'  When  a  person  washes  his 
hands,  if  he  lock  them  together  so  as  to  bring  the  palms  close  to  each 
other,  and  then  attempt  to  raise  the  central  parts  so  as  to  form  a  cavity 
between  them,  at  the  same  time  keeping  the  extremities  of  the  palms  in 
close  contact,  he  will  feel  the  atmospheric  pressure  very  sensibly  :  if  the 
experiment  be  made  under  water,  the  effect  will  be  more  ubvious  still. 
Analogous  to  this  is  the  attempt  to  open  the  common  household  bellows 
when  the  valve  and  nozzle  are  closed.  The  boards  are  then  forced  open 
with  difficulty,  in  consequence  of  the  pressure  of  the  air  on  their  exterior 
not  being  balanced  by  its  admission  within.  If  the  materials  and  joints 
were  made  air-tight,  and  the  orifices  perfectly  closed,  the  strongest  roan 
that  ever  lived  could  not  force  them  open.  This  experiment,  we  believe, 
was  familiar  to  the  ancients ;  for  we  are  indebted  to  them  for  both  the 
olacksmith  and  domestic  bellows.  Another  experiment  of  theirs,  of  a 
similar  kind,  was  with  the  syrine^e.  When  the  small  orifice  is  closed  with 
the  finger,  the  pistoif  is  pulled  up  with  difHculty,  on  account  of  the  aii 
pressing  on  its  surface ;  and  the  moment  we  let  go  of  the  handle,  it 
instantly  drives  it  back,  in  whatever  position  the  implement  is  held 
The  ordinary  syringe  seldom  exceeds  three-fourths  or  one  inch  in  diame- 
ter, and  any  person  can  thus  draw  out  the  piston  ;  but  one  of  six  or  seven 
inches  diameter  would  require  a  giant's  strength ;  and  one  of  a  foot  or 
fifreen  inches  would  resist  the  efforts  of  two  or  three  horses. 

Numerous  illustrations  of  atmospheric  pressure  may  be  derived  from 
the  animal  kingdom.  The  boa  constrictor  when  it  swallows  its  prey 
affords  one.  As  soon  as  this  serpent  has  killed  a  goat  or  a  deer,  he  covers 
its  surface  with  saliva :  this  appears  necessary  to  lay  the  long  hair  of  these 
animals  close,  in  order  to  prevent  air  from  passing  between  the  body  oi 
the  victim  and  the  interior  of  the  devourer's  throat.  After  taking  the 
head  into  his  mouth,  by  a  wonderful  muscular  energy  he  alternately  dUaUi 
and  comtracU  the  posterior  portions  of  his  body,  until  the  pressure  of  the 
atmosphere  forces  into  his  flexible  skin  an  animal  whose  bulk  greatly 
exceeds  that  of  his  own.  But  if  air  were  to  pass  between  the  body  of  the 
victim  and  the  dilatable  gullet  of  the  boa,  while  the  latter  was  making  a 
vacuum  to  receive  it,  the  pressure  of  the  atmosphere  would  be  neutralized 
as  effectually  as  if  a  gash  were  made  through  his  skin  in  front  of  the  victim 


Chap.  1.J  of  AfmMpkmc  Preiture,  181 

The  same  process  may  be  witnessed  in  ordinary  snakes,  for  all  serpents 
swallow  their  prey  whole.  There  is*  no  mastication  to  facilitate  degluti- 
tion. Their  upper  jaws  are  loosely  connected  to  the  head,  so .  that  the 
month  can  be  opened  very  wide,  to  admit  larger  animals  than  the  size  of 
the  serpents  would  lead  one  to  suppose.  . 

Such  examples,  it  must  be  admitted,  are  not  very  familiar  ones ;  but 
there  is  an  experiment  not  much  unlike  them,  that  most  people  have  wit- 
nessed, and  not  a  few  perform  it  in  their  own  persons  almost  daily.  In 
every  age  people  have  been  £bnd  of  oysters,  and  numbers  of  our  citizens 
often  luxuriate  on  a  finer  and  larger  species  than  those  which  Roman 
epicures  formerly  imported  from  Britain.  Now,  when  a  gentleman 
indulges  in  this  food  in  the  ordinary  way,  he  aifords  a  striking  illustration 
of  the  pressure  of  the  atmosphere.  A  large  one  is  opened  by  the  restau- 
rateur, who  also  loosens  the  animal  from  its  shell,  and  presents  it  on  one 
half  of  the  latter.  The  imitator  of  the  boa  then  approaches  his  lips  to  the 
newly  slain  victim,  and  when  they  come  in  contact  with  but  a  portion  of 
it,  he  immediately  dilates  his  chest  as  in  the  act  of  inspiration,  when  the 
air,  endeavoring  to  rush  into  his  mouth  to  inflate  the  thorax,  drives  the 
oyster  before  it,  and  with  a  velocity  that  is  somewhat  alarming  to  an 
Inexperienced  spectator.  If  any  one  should  doubt  this  to  be  effected  by 
atmospheric  pressure,  let  him  fully  inflate  his  lungs  previous  to  attempting 
"Urns  to  draw  an  oyster  into  his  mouth,  and  he  will  find  as  much  difficulty 
to  accomplish  it  as  to  smoke  a  pipe  or  a  cigar  with  his  mouth  open. 

This  philosophical  mode  of  transmitting  oysters  to  the  stomach  is  iden- 
tical in  principle  with  that  proposed  by  Gruerricke  and  Papin,  for  shooting 
bullets  "  by  tne  rarefaction  of  air.*'*  A  leaden  ball  was  fitted  into  the 
breech  of  a  gun-barrel,  and  the  end  being  closed,  a  vacuum  was  produced 
in  front  of  it ;  after  which  the  atmosphere  was  allowed  to  act  suddenly  on 
the  ball,  when  it  was  driven  through  the  tube  with  the  velocity  of  a  thou- 
sand feet  in  a  second.  Just  so  with  the  oyster :  it  lays  inertly  at  the 
orifice  of  the  devourer's  mouth— -a  partial  vacuum  is  made  in  front  of  it 
by  the  act  of  respiration,  and  on  dilating  the  chest,  the  atmosphere  drives 
it  in  a  twinkling  down  the  natural  tube  in  the  throat — though,  to  be  sure, 
with  a  velocity  somewhat  less  than  that  of  bullets  through  Papin's  gun. 

When  two  substances,  impervious  to  air,  are  fitted  so  close  as  to  exclude 
it  from  between  them,  they  are  held  together  by  its  pressure  on  their 
outsides,  and  with  a  force  proportioned  to  the  extent  of  the  surfaces  in 
contact.  Pieces  of  metal  have  been  ground  together  so  close  as  to  be 
thus  united.  Two  pieces  of  common  window-glass  dipped  in  water,  and 
pressed  together,  are  separated  with  difficulty  ;  because  the  water  serves 
to  expel  tlie  air,  and  prevent  its  entrance.  Glass  grinders  are  frequently 
inconvenienced  by  this  circumstance.  If  two  f-lates  of  glass  were  per* 
fectly  plane  and  smooth,  so  as  wholly  to  exclutk  the  air  from  between 
them,  they  would  become  united  as  one.  We  havt?  heard  or  read  of  in* 
stances  when  they  have  become  actually  one,  and  were  cut  by  a  diamono 
as  an  ordinary  single  plate. 

The  boys'  *  sucker,'  or  *  cleaver,'  a  circular  piece  of  wet  and  thick 
leather,  about  the  size  of  a  dollar,  is  another  illustration.  This,  wher 
pressed  against  a  smooth  paving  or  other  stone,  of  five  or  ten  lbs.  weight, 
may  be  used  to  raise  it,  by  means  of  a  string  attached  to  the  centre. 
i£oT}e  of  these,  four  inches  in  diameter,  were  applied  to  tlie  cranium  of  a 
bald-headed  gentleman,  he  might  be  elevated  and  suspended  by  it.  Dr. 
Arnott  recommends  them  to  elevate  depressed  portions  of  fractured  skulls^ 
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&nd  for  other  surgical  operations.  Possibly  thcv  might  be  applied  with 
some  advantage  to  the  soft  and  yielding  skulls  o  .  infants,  in  order  to  pro- 
duce  those  eminences  upon  which  (according  to  phrenologists)  the  habits 
and  character  of  individuals  depend,  as  by  means  of  them  the  most  desira- 
ble oVgans  of  thought  and  passion  might  be  developed,  and  the  opposite 
ones  depressed. 

The  principle  of  atmospheric  pressure  has  been  introduced  by  the 
great  Parent  of  the  universe  into  every  department  of  animated  and  in- 
animate nature.  Not  only  does  it  perform  an  important  part  in  the 
vegetable  kingdom,  but  the  movements  of  innumerable  animals,  on  land 
and  in  water,  depend  upon  it ;  while  others  are  enabled  by  it  to  protect 
themselves  from  enemies,  and  to  secure  their  food  and  their  prey. 
There  is  something  inexpressibly  pleasing  in  examining  even  the  meanest 
specimens  of  the  Creator's  workmanship,  (if  such  an  expression  may  be 
allowed)  and  what  is  singular,  the  more  closely  we  search  into  them,  the 
more  proofs  do  we  meet  with  that  the  most  elaborate  and  the  most  effi- 
cient of  our  devices  are  but  rough  copies  of  natural  ones,  which  the  lower 
animals  vary  and  apply,  according  to  circumstances,  with  inimitable  dex 
terity.  Some  of  these  will  be  noticed  here ;  others  will  be  more  appro- 
oriately  introduced  in  subsequent  chapters. 

The  feet  of  the  common  house-fly  are  constructed  like  the  suckers  above 
named ;  and  hence  these  insects  are  enabled*  to  run  along,  and  even  sleep, 
on  the  ceilings  of  our  ro6ms,  with  their  bodies  hanging  downward!. 
When  in  an  inverted  position  they  place  a  foot  on  an  object,  they  spread 
out  the  sole,  to  make  it  touch  at  every  part,  so  as  to  exclude  the  air  f^om 
between;  and, when  the  weight  of  the  bod^  tends  to  draw  it  away,  the 
pressure  of  the  external  air  retains  it ;  until  the  fly,  wishing  to  move, 
raises  the  edges  by  appropriate  mechanism,  and  destroys  the  vacuum. 

There  is  not  a  more  interesting  subject  for  the  contemplation  of  mecha 
flics  than  the  movements  of  these  active  little  beings.  To  behold  them 
running  not  only  along  the  under  side  of  a  plate  of  glass,  but  also  up,  and 
more  particularly  dawn  a  vertical  one,  with  such  perfect  command  over 
their  motions,  is  truly  surprising.  In  the  latter  case,  from  the  rapidity  of 
their  movements,  and  the  fact  that  part  only  of  their  feet  are  in  contact 
with  the  glass  at  the  same  time,  one  might  suppose  the  momentum  of  their 
moving  bodies  would  carry  them  over  the  objects  they  intended  to  reach ; 
instead  of  which,  they  dart  along  with  a  precision  and  facility  as  if  impelled 
by  volition  alone.  It  is  strangOi  too,  how  they  are  enabled  to  produce 
a  sufficient  vacuum  between  their  tiny  feet  and  the  asperities  on  an  ordi- 
nary wall  or  ceiHng !  And  wiui  what  celerity  it  is  done  and  undone  I 
How  wonderful  and  how  perfect  must  be  the  mechanism  of  these  natural 
air-pumps ;  and  how  harmonious  must  that  machinery  work  by  which  the 
energy  of  the  insect  is  transmitted  to  them  1  Their  movements  when  on 
the  wing  present  another  source  of  pleasing  research.  Let  any  ingenious 
person  witness,  without  admiration  if  he  can,  a  few  of  them  in  a  door-way 
open  to  the  sun :  one  or  two  will  be  found  floating  in  the  centre,  as  if  at 
rest,  mtil  disturbed  by  the  near  approach  of  another,  when  they  dart  upon 
it,  either  in  play  or  in  anger,  and  drive  it  away ;  then  resuming  their  sta- 
tions, they  remain  as  guards  upon  duty,  till  called  to  eject  other  intruders. 
In  these  combats  they  vary  their  movements  into  every  imaginable  direc- 
tion ;  they  trace  in  the  air  every  angle  and  every  curve,  and  change  tiiem 
with  the  velocity  of  thought.  As  th'^y  are  not  furnished  (like  most  fishes 
and  birds)  with  rudders  in  taeir  tails,  to  assist  in  thus  changing  their  posi- 
tions, but  effect  it  by  modifying  the  acdon  of  their  wings,  how  energetic 
must  be  the  force  that  works  diese  J     And  what  pei  feet  conrman J  must 
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the  insect  possess  over  them !  It  would  seem  a^  if  they  turned  their 
bodies  in  various  directions,  by  diminishing  the  velocity  of  one  wing,  and 
increasing  that  of  the  other ;  and  also  by  varying  the  angle  at  which  they 
strike  the  air,  and  descend  by  closing  them  or  stopping  their  vibrations. 
And  with  what  vigor  and  celerity  must  one  of  these  insects  move  its  deli- 
cate wings  in  order  to  elevate  its  comparatively  heavy  body  !  Yet  this 
movement  is  made  quick  as  the  others.  It  bounds  upwards,  like  a  balloon 
released  from  its  cords  ;  now  sailing  through  a  room,  sweeping  round  our 
beads,  buzzing  at  our  ears,  skimming  over  the  floor,  and  anon  inverting 
its  body  and  resting  on  the  ceiling !  And  all  this  within  two  or  three 
seconds  of  time,  and  without  any  apparent  exertion  or  fatigue.  Here  is 
a  fruitful  subject  of  inquiry  to  the  machinist  and  aeronaut.  All  the  wonders 
that  the  automatons  of  Maelzel  and  Maillardet  ever  wrought,  are  nothing 
compared  to  those  that  may  yet  be  accomplished  by  studying  the  organi- 
zation and  motions  of  these  living  machines. 

But  there  are  larger  animals  tnan  flies  that  suspend  themselves  in  an 
inverted  position.  Mr.  Marsden,  in  his  ''History  of  Sumatra,"  (London, 
1811,  p.  119)  mentions  lizards  four  inches  long,  which,  he  observes,  are 
the  largest  reptiles  that  can  walk  in  aa  inverted  situation.  One  of  them, 
of  size  sufficient  to  devour  a  cockroach,  runs  on  the  ceiling  of  a  room,  and 
in  that  situation  seizes  its  prey  with  the  utmost  facility,  ^.metimes, 
however,  when  springing  too  eagerly  at  a  fly,  they  lose  their  hold,  and 
drop  to  the  floor. 

The  Gecko  of  Java  and  other  countries  is  furnished  with  similar  ap- 
paratus in  its  feet,  by  means  of  which  it  runs  up  the  smoothest  polished 
Wdlfs,  and  even  carries  a  load  with  it,  equal  in  weight  to  that  of  its  own 
Dody.  Osbeck  mentions  lizards  in  China  that  ran  up  and  down  the  walls 
with  such  agility  as  "  they  can  scarce  be  caught."  The  tree  frog  of  this 
country  adheres  to  the  leaves  of  trees  by  the  tubercles  on  its  toes  :  a  young 
one  has  sustained  itself  in  an  inverted  position  against  the  under  side  of  a  * 
plate  of  glass.  From  the  observations  of  £.  Jesse,  author  of  *  Gleanings 
of  Natural  History*  it  appears  that  common  frogs  can  occasionally  do  the 
same.  His  account  is  very  Interesting :  "  I  may  here  mention  a  curious 
observation  I  made  in  regard  to  some  frogs  that  had  fallen  down  a  small 
area  which  gave  light  to  one  of  the  windows  of  my  house.  The  top  of 
the  area  being  on  a  level  with  the  ground,  was  covered  over  with  some  iron 
l#ars  through  which  the  frogs  fell.  During  dry  and  ,warm  weather  when 
they  could  not  absorb  much  moisture,  I  observed  them  to  appear  almost 
torpid ;  but  when  it  rained  they  }>ecame  impatient  of  their  confinement,  " 
and  endeavored  to  make  tlieir  escape,  which  they  did  in  the  following  man- 
ner. The  wall  of  the  area  was  about  five  feet  in  height  and  plas- 
tered and  white- washed  as  smooth  as  the  ceiling  of  a  room ;  upon 
this  surface  the  frogs  soon  found  that  their  claws  would  render  them  little 
or  no  assistance ;  they  therefore  contracted  their  large  feet  oo  as  to  make 
a  hollow  in  the  centre,  and  by  means  of  the  moisture  which  they  had  im- 
bibed in  consequence  of  the  rain,  they  contrived  to  produce  a  vacuum,  so 
tliat  by  the  pressure  of  the  air  on  their  extended  feet,  (in  the  same  way  that 
we  see  )K>ys  take  up  a  stone  by  means  of  a  piece  of  wet  leather  fastenetl 
to  a  string)  they  ascended  the  wall  and  made  their  escape.  This  happen* 
ed  constantly  in  the  course  of  three  years." — Phil.  Ed.  1833.  p.  140. 

Innumerable  crustaceous  animals  adhere  to  rocks  and  stones  by  the  same 
principle.  But  it  is  not  the  smaller  inhabitants  of  either  the  land  or  the 
sea,  as  flies,  spiders,  butterflies,  bees,  &c.  some  of  which  scarcely  weigh 
a  grain  ;  or  lizards  and  frogs,  &c.  of  ^se  or  six  ounces,  which  thus  sustain 
themselves  against  gravity  ;  for  the  enormous  'Walrus,  that  sometimes  ex- 
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ceeds  a  ton  in  weight^is  furnished  by  the  Creator  with  analogous  apparatot 
in  his  hinder  feet ;  and  thus  climbs  by  atmospheric  pressure,  the  glassy  sur- 
faces of  ice-berg%.  How  forcibly  do  these  examples  illustrate  the  intimate 
connection  which  subsists  between  the  various  departments  of  Natural  Phi- 
losophy. A  knowledge  of  one  always  furnishes  a  key  (whether  it  be  used  or 
not)  to  open  some  of  the  mysteries  of  another.  Thus  a  person  who  under- 
stands the  principle  by  which  water  is  raised  in  a  simple  pump,  can  by  it  ex- 
plain some  of  the  most  surprising  facts  in  the  natural  history  of  animals ; 
and  solve  problems  respecting  the  motions  and  organs  of  motions  of  nu- 
merous tribes  of  animated  beings,  which  i\i.j>  or  three  centuries  ago,  the 
most  enlightened  philosophers  could  not  ccnnprehend.  And  with  a  simple 
pump,  he  can  moreover  determine,  as  with  a  barometer,  the  measurement  of 
all  accessible  heights,  and  with  a  degree  of  accuracy  that,  in  some  cases, 
is  deemed  preferable  to  geometrical  demonstrations. 

When  two  substances  are  brought  together,  at  some  distance  hdow  the 
surface  of  water,  and  so  as  to  exclude  it  from  between  them,  they  are 
then  pressed  together  with  a  force  greater  than  when  in  the  air,  be- 
cause the  weight  of  the  perpendicular  column  of  water  over  them  is 
then  added  to  that  of  the  atmosphere,  ^^umeroufl  examples  of  this  com  • 
bined  pressure  are  also  to  be  found  in  the  natural  world.     By  it,  various 

.  species  of  fish  adhere  to  rocks  and  stones  in  the  depths  of  the  sea,  from 
which  they  cannot  be  separated  except  by  tearing  their  bodies  asunder. 
Some  by  means  of  it  attach  themselves  to  the  bodies  of  others,  and  there- 
by  traverse  the  oeean  without  any  expense  or  exertion  of  their  own,  some- 
what like  dishonest  travelers,  who  elude  the  payment  of  their  fare.  There 
are  several  species  of  fishes  known  which  have  a  separate  organ  of  adhe 
aion,  and  there  are  doubtless  many  more  which  have  not  yet  come  under 
the  observation  of  man.  The  most  celebrated  is  the  remora  or  mucking 
fish  of  Dampier  and  other  navigators.     It  is,  in  size  and  shape,  similar  to 

*  a  large  whiting,  except  that  the  head  is  much  flatter.  "  From  the  head  to 
the  middle  of  its  back,  (observes  Dampier)  there  groweth  a  sort  of  fiesh  of 
a  hard  gristly  substance,  like  that  of  the  limpet.  This  excrescence  is  of  a 
flat  oval  form,  about  7  or  8  inches  long,  and  5  or  6  broad,  and  rising  about 
half  an  inch  high.  It  is  full  of  small  ridges  with  which  it  will  fasten  itself 
to  any  thing  that  it  meets  with  in  the  sea.  When  it  is  fair  weather  and 
but  little  wind,  they  will  play  about  a  ship,  but  in  blustering  weather,  or 
when  the  ship  sails  quick,  they  commonly  fasten  themselves  to  tlic  ship's 
bottom,  from  whence  neither  the  ship's  motion,  though  never  so  swift,  nor 
the  most  tempestuous  sea  can  remove  them.  1*hey  will  likewise  fasten 
themselves  to  any  bigger  fish,  for  they  never  swim  fast  themselves,  if  they 
meet  toith  any  tiling  to  carry  them,  I  have  found  them  sticking  to  a  shai^ 
after  it  was  hal'd  in  on  deck,  though  a  shark  is  so  strong  and  boisterous  a 
fish,  and  throws  about  him  so  vehemently  when  caught,  and  for  half  an 
hour  together,  that  did  not  the  sucking  fish  stick  at  no  ordinary  rate,  it 
must  needs  be  cast  off  by  so  much  violence."*  They  are  familiar  to  most 
of  our  seamen.  Other  species  have  a  circular  organ  of  adhesion,  consist* 
ing  of  numerous  soft  papillse,  and  placed  on  the  thorax,  instead  of  the 
top  of  the  head,  as  in  tne  remora.  In  some  fish  the  yentnljini  are  united 
and  are  capable  of  adhesion.     In  the  lamprey  the  mouth  contracts  and 

•  Dampier's  Voyoj^es,  vi.  edit  1717.  Vol.  i,  di,  and  Vol.  ii,  part  iii,  p.  110.  In  turn 
the  plates  o^  Vol.  in,  is  a  figure  of  one.  Fiffures  of  the  excrescence  or  sucking  part 
of  the  remora,  and  of  the  feet  of  the  house-fly,  may  be  seen  in  Dr.  Brewster's  listten 
on  Natural  Magic. 
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acts  as  a  sucker;  while  that  curious  animal  the  cuttle  fish  secures  the  vic- 
tims that  fai]  into  its  fatal  embraces  by  the  suckers  on  its  arms. 

The  prodigious  pressure  that,  at  great  depths,  unites  these  inhabitants  of 
the  sea  to  their  prey,  led  man  to  employ  them  to  hunt  the  sea  for  his  benefit 
as  well  as  their  own.  Both  the  remora  and  lamprey  tribe  have  been  used 
for  this  purpose.  Columbus  when  on  the  coast  of  St.  Domingo  was  greatly 
surprised  on  beholdinjf  the  Indians  of  that  island  fishing  with  them.  "  They 
had  a  small  fish,  the  nat  head  of  which  was  furnished  with  numerous  suck- 
ers, by  which  it  attached  itself  so  firmly  to  any  object  as  to  be  torn  in 
pieces  rather  thar.  abandon  its  hold.  Tying  a  long  string  to  the  tail,  the  In- 
dians permitted  it  to  swim  at  large  :  it  generally  kept  near  the  surface  till 
it  perceived  its  prey,  when  darting  down  swiftly  it  attached  itself  to  the 
throat  of  a  fish,  or  to  the  under  shell  of  a  tortoise,  when  both  were  drawn 
up  by  the  fisherman."  Ferdinand  Columbus  saw  a  shark  caught  in  this 
manner.* 

The  same  mode  of  fishing  was  followed  at  Zanguebar,  on  the  eastern 
coast  of  Africa.  The  inhabitants  of  the  coast  when  fishing  for  turtle, 
"  take  a  living  sucking  fish  or  remora^  and  fastening  a  couple  of  strings  to  it, 
(one  at  the  head  and  the  other  at  the  tail)  they  let  the  sucking  fisli  down 
into  the  water  on  the  turtle  ground,  among  the  half  grown  or  young  turtle; 
and  when  they  find  ihatthe  fish  hath  fastened  himself  to  the  back  of  a  tur- 
tle, as  he  will  soon  do,  they  draw  him  and  the  turtle  up  together.  This 
way  of  fishing  as  I  have  heard  is  also  used  at  Madagascar."*' 

The  remora  was  well  known  to  the  ancients.  History  has  preserved 
a  fabulous  account  of  their  having  the  power  to  stop  a  vessel  under  sail, 
by  attaching  themselves  to  her  rudder.  A  Roman  ship  belonging  to  a 
fieet,  it  is  said,  was  thus  arrested,  when  she  "  stoode  stil  as  if  she  had  lien 
at  anker  no*  stirring  a  wlit  out  of  her  place."  There  is  another  illustra- 
tion of  the  enormous  praseure  that  fishes  endure  at  great  depths.  The 
small  volume  of  air  that  is  contained  in  the  bladder,  and  by  the  expansion 
and  contraction  ofwhicL  they  ascend  and  descend,  is  at  the  bottom  of  the 
sea  compressed  into  a  space  many  times  smaller  than  when  they  swim 
near  the  surface.  (At  Z'6  feet  from  the  surface  it  occupies  but  one  half.) 
Hence,  it  fret^uenliy  occurs  that  when  such  fish  are  suddenly  drawn  up, 
(as  the  cod  on  the  brinks  of  Newfoundland)  the  membrane  bursts,  in  con- 
sef^uence  of  the  diminished  pressure,  and  the  air  rushing  into  the  abdomen, 
forces  the  intestines  out  of  the  mouth.  From  a  similar  cause,  blood  is 
forced  out  of  the  ears  of  divers,  when  the  bell  that  contains  them  is  quickly 
drawn  up.  This  pressure  is  also  evinced  in  the  fact  that  the  timber  of 
ibundered  vessels  never  rises,  because  the  pores  become  completely  filled 
with  water  by  the  pressure  of  the  superincumbent  mass,  and  the  wood 
llien  becomes  almost  *  heavy  as  iron.' 

The  pressure  of  the  atmosphere  on  liquids  is  equally  obvious.  When 
a  bucket  or  other  vessel  is  sunk  in  water  and  then  raised  in  an  inverted 

m 

position,  the  air  being  excluded  from  acting  on  ihe  surface  of  the  liquid 
within,  still  presses  on  that  without,  so  that  the  water  is.  suspended  in  the 
vessel ;  and  if  the  under  surface  of  the  liquid  could  be  kept  level  and  at 
rest,  water  might  be  transported  in  buckets  thus  turned  upside  down,  aa 
eSectually  as  in  the  ordinary  mode  of  conveying  it  * 

The  experiment  with  a  goblet  or  tumbler  presents  a  very  neat  illustra- 
tion. One  of  these  filled  with  water,  and  having  a  piece  of  writing  paper 
laid  over  it,  and  held  close  till  the  vessel  be  inverted,  will  retain  the  liquid 
<ii  —  *  ■■..  t 

*  bvmg^B  Coluuibos,  Vol.  i,  273.    ^  Dampier*8  Voyages,  Vol.  U,  part  ii,  108. 
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within  it  In  this  experiment  the  paper  merely  preserves  the  liquid  sur- 
face level :  it  remains  perfectly  free  and  loose  ;  and  so  far  from  being 
close  to  tlie'  edge  of  the  glass,  it  may,  while  the  latter  is  held  in  a  horizon- 
tal position,  be  withdrawn  several  lines  from  it  without  the  water  escaping ; 
and  it  may  be  pierced  full  of  small  holes  with  the  same  effect. 

If  an  inverted  vessel  be  filled  with  any  material  that  excludes  the  air, 
and  whose  specific  gravity  is  greater  than  that  of  water,  when  lowered 
into  the  latter,  the  contents  will  descend  and  be  replaced  by  the  water. 
A  bottle  filled  with  sand,  shot,  &c.  and  inverted  in  water,  will  have  its 
contents  exchanged  for  the  latter.  As  these  substances,  however,  do  not 
perfectly  Jill  the  vessel,  and  of  course  do  not  exclude  all  the  air,  the 
experiment  succeeds  better  when  the  vessel  contains  heavy  liquids,  as 
mercury,  sulphuric  acid,  &c.  It  is  said  that  negroes  in  the  West  Indies 
often  insert  the  long  neck  of  a  bottle  filled  with  water,  into  the  bung-holes 
of  rum  puncheons,  when  the  superior  gravity  of  the  water  (in  this  case) 
descends,  and  is  gradually  replaced  with  the  lighter  spirit. 

In  the  preceding  examples  and  those  in  subsequent  chapters,  it  will  be 
found  that  wherever  a  vacuity  or  partial  vacuum  is  formed,  the  adjacent 
air,  by  the  pressure  above,  rushes  m  and  drives  before  it  the  object  that 
intervenes,  until  the  void  is  filled.  If  the  nozzle  of  a  pair  of  bellows  be 
closed,  either  by  the  finger  or  by  a  small  valve  opening  outwards  ;  and  a 
short  pipe,  the  lower  end  of  which  is  placed  in  water,  be  secured  to  the 
opening  in  the  under  board  which  is  covered  by  the  clapper ;  then  if  the 
bellows  be  opened,  the  pressure  of  the  atmosphere  will  drive  the  water 
up  the  pipe  to  fill  the  enlarged  cavity,  and  by  then  closing  the  boards, 
the  liquid  will  be  expelled  through  the  nozzle.  Bellows  thus  arranged 
become  sucking  or  atmospheric,  and  forcing  pumps.  When  the  orifice  of 
a  syringe  is  inserted  into  a  vessel  of  water  and  the  piston  drawn  up,  the 
air  having  no  way  to  enter  the  vacUity  thus  fijrmed  than  by  the  small 
orifice  under  the  surface  of  the  liquid,  presses  tne  water  before  it  into  Ui*3 
body  of  the  syringe. 

As  every  machine  described  in  tliis  book,  and  most  of  those  in  the  nexl 
one,  both  proves  and  illustrates  atmospheric  pressure  on  liquids,  we  need 
not  enlarge  further  upon  it  here.  There  are  however  some  other  parti- 
culars relating  to  it,  which  are  necessary  to  be  known :  first,  that  its 
pressure  is  limited ;  and  secondly,  that  it  varies  in  intensity  at  different 
parts  of  the  earth,  according  to  their  elevation  above  the  surface  of  the  sea. 
These  important  facts  are  clearly  established  in  the  accounts  given  of  tho 
discovery  of  the  air's  pressure,  a  sketch  of  which  can  scarcely  be  out  of 
place  here,  since  it  was  a  pump  that  first  drew  the  attention  of  modern 
philosophers  to  the  subject,  and  which  thereby  became  the  proximate 
cause  of  a  revolution  in  philosophical  research,  that  will  ever  be  consi- 
dered an  epoch  in  the  history  of  science. 
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Ducorerjr  of  ■toM»pherie  prawvre— X^ifcnoiatwicet  whkh  led  to  tUp4}»lileo— TorricelU--B«ftaltAil 
•zperuDeat  of  tha  latter— Cootrovony  respecting  the  reaulte— Pascal — his  demonstration  ol  Ok  auso 
of  she  aseeat  of  water  in  pumps— Invention  of  the  air-pump— Barometer  and  its  various  applications-— 
Intensity  of  atmospheric  pressure  different  at  different  parts  of  the  earth — ^A  knowledge  of  this  necessary 
lo  pump-makers— The  limits  to  which  water  may  be  raised  In  atmospheric  pumps  known  to  ancient 
Ottwp-makers. 

In  the  year  164 1»  a  pump-maker  of  Florence  made  an  atmospheric,  or 
what  was  called  a  sucking  pump,  the  pipe  of  which  extended  from  50  to 
60  feet  above  the  water.  When  put  in  operation,  it  was  of  course  inca- 
pable of  raising  any  over  32  or  33  feet.  Supposing  this  to  have  been 
occasioned  by  some  defect  in  the  construction,  the  pump  was  carefully 
examined,  and  being  found  perfect,  the  operation  was  repeated,  but  witli 
the  same  results.  After  numerous  trials,  the  superintendent  of  the  Grand 
Duke's  water  works,  according  to  whose  directions  it  had  been  made, 
consulted  Galileo,  who  was  a  native  of  the  city,  and  then  resided  in  it. 
Previous  to  this  occurrence,  it  was  universally  supposed  that  water  was 
raised  in  pumps  by  an  occult  power  in  nature,  which  resisted  with  con- 
siderable force  all  attempts  to  make  a  void,  but  which,  when  one  was 
made,  used  the  same  force  to  fill  it,  by  urging  the  next  adjoining  substance, 
if  a  fluid,  into  the  vacant  space.  Thus  in  pumps,  when  the  air  was  with- 
drawn from  their  upper  part  by  the  '  sucker,*  nature,  being  thus  violated, 
instantly  forced  water  up  the  pipes.  No  idea  was  entertained  by  philo- 
sophers at  this  or  any  preceding  period,  that  we  know  of,  that  this  force 
was  limited  ;  that  it  would  not  as  readily  force  water  up  a  perpendicular 
tube,  from  which  the  air  was  withdrawn,  100  feet  high  as  well  as  20 — to 
the  top  of  a  high  building  as  well  as  to  that  of  a  low  one. 

When  the  circumstances  attending  the  trial  of  the  pump  at  Florence 
were  placed  before  Galileo,  (his  attention  having  probably  never  before 
been  so  closely  directed  to  the  subject)  he  could  only  reply,  that  nature's 
abhorrence  to  a  vacuum  was  limited,  and  that  it  "  ceased  to  operate  above 
the  height  of  32  feet."  This  opinion  given  at  the  moment,  it  is  believed 
was  not  satisfactory  to  himself;  and  his  attentipc  having  now  been  roused, 
there  can  be  no  doubt  that  he  would  have  discovered  the  real  cause,  had 
he  lived,  especially  as  he  was  then  aware  that  the  atmosphere  did  exert  a 
definite  pressure  on  objects  on  the  surface  of  the  earth.  But  at  that  period 
this  illustrious  man  was  totally  blind,  nearly  80  years  of  age,  and  within  a 
few  months  of  his  death.  The  discovery  is  however,  in  some  measure, 
due  to  him.  It  has  also  been  supposed  tliat  he  communicated  his  ideas 
on  the  subject  to  Torricelli,  who  lived  in  his  family  and  acted  as  his 
amanuensis  duri^ig  the  last  three  months  of  his  life. 

It  was  in  1643  that  Torricelli  announced  the  great  discovery  that  wa^er 
was  raised  in  pumps  by  the  pressure  of  the  air.  This  he  established  by 
very  satisfactory  cxperinrients.  The  apparatus  in  his  first  one,  was  made 
HI  imitation  of  the  Florentine  pump.  He  procured  a  tube  60  feet  long, 
and  secured  it  in  a  perpendicular  position,  with  its  lower  end  in  water ; 
then  having  by  a  syringe  extracted  the  air  at  its  upper  end,  he  found  tlie 
water  rose  only  32  or  33  feet,  nor  could  he  by  any  effort  induce  it  to 
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ascend  higher.  He  then  reduced  the  length  of  the  pipe  to  40  feet,  without 
any  better  success.  It  now  occurred  to  him,  that  if  it  really  was  the 
atmosphere  which  supported  this  column  of  water  in  the  pipe,  then,  if  he 
employed  some  other  liquid,  the  specific  gravity  of  which,  compared  with 
that  of  water,  was  knoumf  a'column  of  such  liquid  would  be  sustained  in 
the  tube,  of  a  length  froportioned  to  Us  gravity.  This  beautiful  thought 
he  soon  submitted  to  the  test  of  experiment,  and  by  a  very  neat  and  simple 
apparatus. 

Quicksilver  being  14  times  heavier  than  water,  he  selected  it  as  the 
most  suitable,  since  the  apparatus  would  be  more  manageable ;  and  from 
the  small  dimensions  of  the  requisite  tube,  a  syringe  to  exhaust  the  air 
could  be  dispensed  with.  He  therefore  took  a  glass  tube  about  four  feet 
long,  sealed  at  one  end  and  open  at  the  other.  This  he  completely  filled 
with  quicksilver,  which  of  course  expelled  the  air;  then  placing  his  finger 
on  the  open  end.  he  inverted  the  tube,  and  introduced  the  open  end  below 
the  surface  of  a  quantity  of  mercury  in  an  open  vessel ;  then  moving  the 
tube  into  a  vertical  position,  he  withdrew  his  finger,  when  part  of  the 
mercury  descended  into  the  basin,  leaving  a  vacuum  in  the  upper  part  of 
the  tube,  while  the  rest  was  supported  in  it  at  the  height  of  about  28 
inches,  as  he  had  suspected,  being  one-fourteenth  of  the  height  of  the 
aqueous  column.  This  simple  and  truly  ingenious  experiment  was  fre- 
quently varied  and  repeated,  but  always  with  the  same  result,  and  must 
have  imparted  to  Torricelli  the  most  exquisite  gratification.* 

Accounts  of  Torricelli's  experiments  were  soon  spread  throughout  Eu- 
rope, and  every  where  caused  an  unparalleled  excitement  among  philoso- 
phers. This  was  natural,  for  his  discovery  prostrated  the  lone^  cherished 
hypothesis  of  nature's  abhorence  of  a  vacuum ;  and  at  the  same  time,  opened 
unexplored  regions  to  scientific  research.  It  met  however  with  much 
opposition,  particularly  from  the  Jesuits ;  in  many  of  whom  it  is  said  to 
have  excited  a  degree  of  *  horror'  similar  to  that  experienced  by  them  on 
the  publication  of  Galileo's  dialogues  on  the  Ptolemaic  and  Copemican 
systems.  They  and  others  resisted  the  new  doctrine  with  great  perse- 
verance, and  even  endeavtired  to  reconcile  the  results  of  the  experiments 
with  ihefuga  vqpui  they  so  long  had  cherished.  It  was  ingeniously  con- 
tended that  the  experiment  with  quicksilver  no  more  proved  that  the  force 
which  sustained  it  in  the  tube  was  the  pressure  of  the  atmosphere,  than  the 
column  of  water  did  in  the  first  experiment;  allowing  this,  it  proved  that 
this  force,  whatever  It  was,  varied  in  its  effects  on  different  liquids,  accord- 
ing to  their  specific  gravity  ;  a  fact  previously  unknown,  and  apparently 
inconsistent  Mrith  nature's  antipathy  to  a  void,  which  might  be  supposed  to 
produce  the  same  effects  on  all  fluids — ^to  have  as  great  an  abhorence  to 
mercury  as  to  water. 

During  the  discussion  great  expectations  were  entertained  by  the  advo- 
cates of  the  new  doctrine  from  Torricelli ;  but  unfortunately,  this  philoso- 
pher died  suddenly  in  the  midst  of  his  pursuits  and  in  the  very  vigor  of 
manhood,  viz.  in  his  39th  year.  This  took  place  in  1647.  The  subject 
was  however  too  interesting,  and  too  important  in  its  consequences,  to  be 
lost  sight  ot.  He  had  opened  a  new  path  into  the  fields  of  science,  and 
philosophers  in  every  part  of  Europe  had  rushed  into  it  with  too  much 
ardor  to  be  stopped  by  his  decease.     Among  the  most  eminent  of  those 

*  The  apparatofl  employed  in  these  experiments  was  not  origira!  with  TorricellL 
The  air  tiiermometerofC.  Drebble,  the  fatiioiia  alchemist,  who  died  \r.  16LM,  was  of  the 
same  construction,  except  that  thf  upper  end  of  the  inverted  tube  was  swelled  inte  a 
bulb.    It  is  frequently  figured  in  Fludd'a  works. 
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was  Pascal,  a  French  mathemadcian  and  divine.  In  1646  he  undertook 
to  verify  the  experiments  of  Torricelli,  and  still  furtlier  to  vary  them. 
He  usee!  tubes  of  glass  forty  feet  long,  having  one  end  closed  to  avoid 
the  use  of  a  syringe.  He  filled  one  with  wine  and  anotner  with  water,  and 
inverted  them  into  basins  containing  the  same  liquids,  after  the  manner  of 
Torriceili's  rnercurial  experiment.  As  the  specific  gravity  of  these  liquids 
was  not  the  same,  he  anticipated  a  difference  in  the  length  of  the  two  co- 
lumns ;  and  such  was  the  fact.  The  water  remained  suspended  at  the 
height  of  thirty -one  feet  one  inch  and  four  lines ;  while  the  lighter  wine 
fitood  at  thirty-three  feet  three  inches.  Pascal  was  attacked  with  great 
Tirulence  by  Father  Noel,  a  Parisian  Jesuit,  who  resisted  the  new  doctrine 
with  infuriate  zeal,  as  if  it  also  was  heresy,  like  Galileo's  doctrine  of  the 
3arth's  motion  round  the  sun. 

After  making  several  experiments,  one  at  length  occured  to  Pascal, 
which  he  foresaw  would,  it  successful,  effectually  silence  all  objectors. 
He  reasoned  thus  :  If  it  is  really  the  weight  or  pressure  of  the  atmosphere, 
that  sustains  water  in  pumps,  and  mercury  in  the  tube,  then,  the  intensity 
of  this  pressure  will  be  less  on  the  top  of  a  mountain  than  at  its  foot,  be- 
cause there  is  a  less  portion  of  air  over  its  summit  than  over  its  base  ;  if 
therefore  a  column  of  mercury  is  sustained  at  28  or  any  other  number  of 
inches  at  the  base  of  a  very  high  mountain,  this  column  ought  to  diminish 
gradually  as  the  tube  is  carried  up  to  the  top ;  whereas,  if  the  atmosphere 
has  no  connection  with  the  ascent  of  liquids,  (as  contended)  then  the  mer- 
cury will  remain  the  same  at  all  elevations,  at  the  base  as  at  the  summit. 
Being  at  Paris,  he  addressed  a  letter  to  his  brother-in-law,  M.  Perrier, 
(in  1647)  from  which  the  following  is  an  extract :  "  I  have  thought  of  an 
experiment,  which,  if  it  can  be  executed  with  accuracy,  will  alone  be  suf- 
ficient to  elucidate  this  subject.  It  is  to  repeat  the  Torricellian  experi- 
ment several  times  in  the  same  day»  with  the  same  tube,  and  the 
same  mercury ;  sometimes  at  tlie  toot,  sometimes  at  the  summit  of 
a  mountain  five  or  six  hundred  fathoms  in  height.  By  this  means 
we  shall  ascertain  whether  the  mercury  in  the  tube  will  be  at  the 
same  or  a  different  height  at  each  of  these  stations.  You  perceive  with- 
out doubt  that  this  experiment  is  decisive  ;  for  if  the  column  of  mercury 
be  lower  at  the  top  of  the  hill  than  at  the  base,  as  I  think  it  will,  it  clear- 
ly shows  that  the  pressure  of  the  air  is  the  sole  cause  of  the  suspension 
of  the  mercury  in  the  tube,  and  not  the  horror  of  a  vacuum ;  as  it  is  evi- 
dent there  is  a  longer  column  of  air  at  the  bottom  of  the  hill  than  at  the 
top ;  but  it  would  be  absurd  to  suppose  that  nature  abhors  a  vacuum 
more  at  the  base  than  at  the  summit  of  a  hill.  For  if  the  suspension  of 
the  mercury  in  th^  tube  is  owing  to  the  pressure  of  the  air,  it  is  plain  it 
must  be  equal  to  a  column  of  air,  whose  diameter  is  the  same  with 
that  of  the  mercurial  column,  and  whose  height  is  equal  to  that  of  the 
atmosphere,  frum  the  surface  of  the  mercury  in  the  basin.  Now  the  base 
rems'^ng  the  same,  it  is  evident  the  pressure  will  be  in  proportion  to  the 
height  of  the  column,  and  that  the  higher  the  column  of  air  is,  the  longer 
will  be  the  column  of  mercury  that  will  be  sustained."  This  experimB%' 
turn  crueis,  was  made  on  the  19th  September,  1648,  the  year  after  Torri- 
celli's  death,  on  the  Puy  de  Dome,  near  Clermont,  the  highest  mountain  in 
France ;  and  the  result  was  just  as  Pascal  had  anticipated.  The  mercury 
fell  in  tlie  tube  as  M.  Perrier  ascended  with  it  up  the  mountain,  and  when 
he  reached  the  summit  It  was  three  inches  lower  than  when  at  the  base. 
The  experiment  was  repeated  on  different  sTdes  of  the  mountain,  and 
continued  by  Perrier  till  1651,  but  always  with  the  same  results.  Pas- 
cal made  others  on  the  top  of  some  of  the  steeples  in  Paris ;  and  a!' 
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proved!  the  same  important  truth,  viz.  that  the  pressure  of  the  atmosphcirp 
was  that  mysterious  power,  which  under  the  name  of  nature's  abhorrence 
to  a  vacuum  had  so  long  eluded  the  researches  of  philosophers.  The  sub- 
ject was  taken  up  in  England  by  Boyle,  who  pursued  it  with  unremitted 
ardor,  and  whose  labors  have  immortalized  his  name ;  butitxyas  Greimany 
that  bore  off  the  most  valuable  of  the  prizes  which  the  discovery  offerea 
to  philosophers.  The  Torricellian  experiment  gave  rise  to  the  air  pump  ; 
and  in  1654,  a  Prussian  philosopher,  a  mathematician  and  a  magistrate. 
Otto  Gruerricket  of  Magdeburgh,  made  public  experiments  with  it  at  Ratis- 
bon,  before  the  emperor  of  Germany  and  several  electors.  Some  authors 
ascribe  the  invention  of  the  pump  to  Candido  del  Buono,  one  of  the  mem- 
bers of  the  Academie  del  Oimento  at  Florence,  and  intimate  that  the  first 
essays  with  it  were  only  made  by  Guerricke. 

The  apparatus  of  Torricelli,  i.  e.  the  glass  tube  and  basin  of  mercury, 
was  named  a  baroscope,  and  afterwards  a  barometer,  because  it  measured 
the  pressure  of  the  atmosphere  at  all  elevations ;  hence  to  it,  engineers 
in  all  parts  of  the  earth  may  have  recourse,  to  determine  the  perpendicular 
length  of  the  pipes  of  atmospheric  pumps. 

Another  application  of  the  barometer  was  the  natural  result  of  Perrier's 
first  experiment  on  the  Puy  de  Dome.  As  he  ascended  that  mountain 
with  it,  the  mercury  kept  falling  in  exact  proportion  to  the  elevation  to 
which  the  instrument  was  carried ;  hence  it  is  obvious,  that  when  the 
tube  is  properly  graduated,  it  will  measure  the  height  of  mountains,  and 
all  other  elevations  to  which  it  can  be  carried.  By  it,  aeronauts  deter- 
mine the  height  to  which  they  ascend  in  balloons.  The  observations  of 
Perrier  were  continued  daily  from  1649  to  1651,  during  which  he  per- 
ceived that  the  height  of  the  column  slightly  varied  with  the  temperature,  I 
wind,  rain,  and  other  circumstances  of  the  atmosphere ;  and  hence  the 
instrument  indicated  changes  of  weather^  and  became  known  and  is  still 
jsed  as  a  *^ weather  glass**  The  extent  of  these  variations  is  about 
three  inches,  generally  ranging  from  twenty-eight  to  thirty-one,  and  are 
principally  confined  to  the  temperate  zones.  In  tropical  regions,  the 
pressure  is  nearly  uniform,  the  mercury  standing  at  about  thirty  inches 
throughout  the  year.  These  facts  have  an  important  bearing  on  our  sub 
ject ;  for  an  atmospheric  pump  or  siphon,  with  a  perpendicular  pipe  thirty 
four  or  thirty-five  feet  long,  might  operate  during  certain  states  of  the  at- 
mosphere, while  in  others  it  could  not;  and  in  some  parts  of  the  earth  it 
would  be  altogether  useless. 

It  will  appear  in  the  sequel,  that  the  physical  properties  of  the  atmos- 
phere which  we  have  enumerated,  must  necessarily  be  understood,  in 
order  perfectly  to  comprehend  the  action  of  the  machines  we  have  to  de- 
scribe. As  regards  the  atrial  pressure,  its  limits  and  variation  at  ditlferent 
altitudes,  we  need  only  remark,  that  a  sucking  pump  or  a  siphon,  which 
raises  water  thirtv-three  feet  in  New-York  and  Buenos  Ayres,  London 
and  Calcutta,  St.  Petersburgh  and  Port  Jackson  in  New  Holland,  could 
not,  in  the  city  of  Mexico,  elevate  it  over  twenty-two  feet ;  and  at  Quito, 
and  Santa  Fe  de  Bogota  in  South  America,  and  Gondar  the  capital  of 
Abypsinia  twenty  feet,  on  account  of  the  great  elevation  of  these  cities ; 
(from  the  same  cause,  the  pressure  of  the  atmosphere  on  Mont  Blanc  is 
only  about  half  that  on  the  plains)  and  if  Oondamine  and  Humboldt, 
when  on  the  summit  of  Pinchincha,  had  applied  one  to  raise  water  there,  or 
on  the  side  of  Antisana,  at  the  spot  where,  from  the  great  rarity  or  tenuity 
of  the  air,  the  face  of  the  latter  philosopher  wa#  streaming  wiui  blood,  his 
attendant  fainted,  and  the  whole  party  exhausted,  it  would  not  have  raised 
water  over  twelve  or  fourteen  feet ;  (the  mercury  in  the  ba^meter  fell 
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to  fourteen  inches  seven  lines,)  while  on  the  highest  ridge  of  the  Hima* 
lavas,  it  would  scarcely  raise  it  eight  or  ten  feet.  Without  a  knowledge 
6t  atrial  pressure,  it  is  obvious,  that  engineers  who  visit  Mexico,  and  the 
upper  regions  of  South  America,  &c.  might  get  into  a  quandary  greatly 
more  perplexing  than  that  in  which  the  Florentine  was,  when  he  applied 
to  Galileo :  but  we  believe  the  period  has  nearly  gone  by,  for  mechanics 
to  remain  ignorant  of  those  principles  of  science,  upon  which  their  profes- 
sions are  based. 

It  perhaps  may  be  asked,  Were  the  limits  to  which  water  can  be  raised 
by  the  atmosphere  not  known  before  Gralileo's  time  t  Undoubtedly  they 
were.  Pump  makers  must  always  have  been  acquainted  with  them ;  al- 
though philosophers  might  not  have  noticed  the  fact  or  paid  any  attention 
to  the  subject.  Why  then  did  the  Italian  artists  make  such  a  one  as  that 
to  which  we  have  referred  1  Simply  because  they  were  ordered  to  do 
so,  as  any  mechanic  would  now  do  under  similar  circumstances :  at  the 
same  time  they  declared  that  it  would  not  raise  the  water,  although  they 
could  not  assign  any  reason  for  the  assertion.  It  was  indeed  impossible 
for  ancient  pump  makers  to  have  remained  ignorant  of  the  extent  to  which 
their  machines  were  applicable.  A  manufacturer  of  them  would  naturally 
extend  their  application,  as  occasions  occurred,  to  wells  of  every  depth, 
until  he  became  familiar  with  the  fact  that  the  power  which  caused  the 
water  to  ascend,  was  limited— and  until  he  detected  the  limits.  After 
using  a  pump  with  success,  to  raise  water  twenty-five  or  thirty  feet, 
when  he  came  to  apply  it  to  wells  of  forty  or  fifty  feet  in  depth  without 
lengthening  the  cylinder,  he  would  necessarily  learn  the  important,  and 
to  him  mysterious  fact,  that  the  limits  were  then  exceeded :  and  after 
probably  going  through  similar  examinations  and  consultations,  as  those 
which  took  place  at  Florence  in  the  17th  century,  the  unvarying  result 
would  become  so  firmly  established,  that  every  workman  wotdd  learn  it 
traditionally,  as  an  essential  part  of  his  profession  :  and  if  in  succeeding 
ages,  the  knowledge  of  it  became  lost,  the  experience  of  every  individual 
pump  maker  must  have  soon  taught  him  the  same  truth.  Attempts  then 
similar  to  those  of  the  Florentine  engineer  occurred  frequently  before,  but 
leading  to  no  important  result,  the  particulars  of  them  have  not  been  pre- 
served ;  nor  is  it  probable  that  those  relating  to  the  Italian  experiment 
would  have  been,  had  not  the  father  of  modem  philosophy  beer  ''onsultedy 
and  had  not  his  pupil  Torricelli  taken  up  the  subject. 
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Notwithstanding  the  alledged  ignorance  of  the  ancients  respecting  the 
phvsi^ixl  properties  of  the  atmosphere,  there  are  circumstances  related  in 
hi^iury  which  seem  to  indicate  the  reverse  ;  or  which,  at  any  rate,  show 
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that  air  was  a  frequent  subject  of  investigation  with  their  philosophers, 
and  that  its  influence  in  some  natural  phenomena  was  well  understood. 
Thus  Diogenes  of  ApoHonia,  the  disciple  and  successor  of  Anaxhnenes; 
reasoned  on  its  condensation  and  rar^action.  According  to  Aristotle,  Em- 
pedocles  accounted  for  respiration  in  animals  by  the  weight  of  the  air, 
which  said  he,  *'  by  its  pretmre  insinuates  itself  with  force  into  the  lungs." 
Plutarch  expresses  in  the  very  same  terms,  the  sentiments  of  Asclepiades, 
representing  him  among  other  things  as  saying  that  the  external  air,  "  hy 
its  weight t  opened  its  w^ay  with  force  into  the  breasL"  Lucretius,  in  ex- 
plaining the  property  of  the  loadstone  in  drawing  iron,  observed  that  it 
repelled  the  intervening  air  betwixt  itself  and  the  iron,  thus  forming  a 
vacuum,  when  the  iron  is  **  pushed  on  hy  the  air  behind  it."  Plutarch 
was  of  the  same  opinion.*  Vitruvius  speaks  of  the  pressure  of  air.  Arch, 
book  viii,  cap.  3.  When  Flamiqius,  during  the  celebration  of  the  Isthmi* 
an  games,  proclaimed  liberty  to  the  Greeks,  the  shout  which  the  people 
gave  in  the  transport  of  their  joy  was  so  great,  that  some  crows,  which  hap- 
pened to^be  then  flying  over  their  heads,  fell  down  into  the  theatre.  Plu- 
tarch among  other  explanations  of  the  phenomenon,  suggests,  that  the 
"  sound  of  so  many  voices  being  violently  strong,  the  parts  of  the  air  were 
separated  by  it,  and  a  void  left  which  afforded  the  birds  no  support."^ 

But  if  the  ancients  did  not  detect  or  comprehend  the  direct  pressure  of 
the  atmosphere,  they  were  not  ignorant  of  its  eflecui,  or  of  the  means  of 
exciting  it.  They  in  fact  employed  air  in  many  of  their  devices  as  successH 
fully  as  the  moderns.  They  compressed  it  in  air  guns,  and  weighed  it  in 
bladders ;  its  elasticity  produced  continuous  jets  in  their  fountains  and 
force  pumps,  in  the  same  manner  as  in  ours  ;  by  its  pressure,  they  raised 
water  in  syringes  and  pumps,  and  transferred  it  through  siphons,  precisely 
as  we  do ;  they  excluded  its  pressure  from  the  upper  surface  of  water 
in  their  sprinkling  pots,  and  admitted  it  to  empty  them,  as  in  the  modem 
liquor  merchant's  taster.  That  they  had  condensing  air  pumps  is  evident 
from  the  wind  guns  o{  Ctesibius,  as  well  as  others  described  by  Vitruvius, 
b.  X,  cap.  13  ;  and  it  is  probable  that  they  employed  air  in  numerous  other 
machines  and  for  other  purposes,  but  of  which,  from  the  loss  of  their 
writings,  no  account  has  been  preserved.  See  Vitruvius,  book  x,  cap.  I, 
where  some  are  referred  to,  and  Pliny  Nat.  Hist,  book  xix,  cap.  4. 

It  would  be  in  vain  to  attempt  to  discover  the  origin  of  devices  for 
raising  liquids  by  the  pressure  of  the  atmosphere,  for  it  would  require  a 
knowledge  of  man  and  of  the  state  of  the  arts,  in  those  remote  ages  of 
which  no  record  is  extant.  That  machines  for  die  purpose  were  made 
long  before  the  commencement  of  history  is  certain,  for  recent  discov- 
eries have  brought  to  light  the  highly  i:iteresting  fact,  that  sipAoju  were 
known  in  Egypt  1450  years  before  our  era,  i.  e.  3290  years  ago  !  At 
which  period  too  they  seem  to  have  been  in  more  common  use  in  that 
country,  than  they  are  at  this  day  with  us.  [See  Book  V,  for  an  account 
of  these  instruments.] 

The  retention  of  water  in  inverted  vessels  while  air  is  excluded  from 
them,  could  not  have  escaped  observation  in  the  rudest  ages.  Long  ere 
natural  phenomena  had  awakened  curiosity  in  the  human  mind,  or  roused 
the  spirit*of  philosophical  inquiry  and  research,  it  must  have  been  noticed 
When  a  person  immerses  a  bucket  in  a  reservoir  and  raises  it  in  an  in 
verted  position,  he  soon  becomes  sensible  that  it  is  not  the  weight  of  ihe 
vessel  merely  which  he  has  to  overcome,  but  also  that  of  the  water  within 


*  Duten*s  Inquiry  into  the  Origin  of  the  Discoveries  attribnted  to  the  Modems,  Loo 
69,  pp.  186, 187  203.    ^  Life  of  FlamuuoB. 
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It;  and  not  till  the  raoutl  emerges  into  air  do  the  contents  rush  out  and 
leave  the  bj.cket  alone  in  his  hands.  This  is  one  of  those  circumstances 
that  has  occurred  more  or  less  frequently  to  most  persons  in  every  age.  It 
would  be  absurd  to  suppose  that  the  groups  of  oriental  females  who, 
from  the  remotest  times,  have  assembled  twice  a  day  to  visit  the  fountains 
or  rivers  for  water,  did  cot  often  perform  the  experiment,  both  incidentally 
and  by  design.  They  could  not  in  fact  plunge  their  water  pots  (which  were 
often  without  handles)  into  the  gushing  fount  without  occasionally  repeating 
it ;  nor  could  Andromache  and  her  maids  fill  buckets  to  water  the  horses 
Df  Hector,  and  daily  charge  pitchers  in  the  stream  for  domestic  uses,  with- 
out bemg  sometimes  diverted  by  it.  But  the  phenomenon  thus  exhibited 
was  no!,  confined  to  such  occasions;  on  the  contrary,  it  constantly  occurred 
ID  c\ery  dwelling.  An  ancient  domestic  like  a  modern  house-maid,  could 
hardly  wash  a  cup  or  rinse  a  goblet  by  iminersiony  without  encountering  it. 
Besides  the  vessels  named,  there  were  others  that  formed  part  of  the  or- 
dinary kitchen  furniture  of  the  ancients,  (see  figures  of  some  on  page  16) 
the  daily  use  of  which  would  vary  and  illustrate  it.  These  were  long 
necked  and  narrow  mouthed  vases  and  bottles,  that  retained  liquids  when 
inverted  like  some  of  our  vials.  Others  were  still  further  contracted  in 
the  mouth,  as  the  Ampulla^  which  gave  out  its  contents  only  by  drops. 
To  the  ordinary  use  of  these  vessels  and  to  incidental  experiments  made 
with  them,  may  be  traced  the  origin  of  omt  fountain  lamps. and  inkstands, 
bird  fountains,  and  other  similar  applications  of  the  same  principle. 

The  suspension  of  a  liquid  in  inverted  vessels  by  the  atmosphere,  was 
therefore  well  known  to  the  early  inhabitants  of  the  world,  whether 
they  understood  the  reason  of  its  suspension  or  not;  and  when  in  subse 
quent  times  philosophers  began  to  search  into  causes  and  effects,  the  phe- 
nomenon was  well  calculated  to  excite  their  attention,  and  to  lead  them  to 
inquiries  respecting  air  and  a  vacuum  :  it  is  probable  that  it  did  so,  for  the 
earliest  experiments  on  these  subjects,  of  which  we  have  any  accounts, 
were  similar  to  those  domestic  manipulations  to  which  we  have  alluded, 
and  the  principal  instrument  employed  was  simply  a  modiBcation  of  a  gob- 
let inverted  in  water.  This  was  the  atmospheric  *  sprinkling  poty  or 
*  watering  siphon,'  which  is  so  often  referred  to  by  the  old  philosophers, 
in  their  disputes  on  a  plenum  and  a  va4Mum.  It  has  long  been  obsolete, 
and  not  having  been  noticed  by  modern  authors,  few  general  readers  are 
aware  that  such  an  instrument  was  ever  in  use,  much  less  that  it  formed 
part  of  the  philosophical  apparatus  of  the  ancient  world. 

The  interesting  associations  connected  with  it  and  its  modifications  en- 
title it  to  a  place  here.  Indeed  were  there  no  other  reason  for  attempting 
to  preserve  it  a  little  longer  from  oblivion,  than  that  indicated  at  the  close 
of  the  lap;  f^aragrapb,  we  should  not  feel  justiBed  in  passing  it  by.  It  is 
moreover,  tor  aught  that  i*  known  to  the  contrary,  the  earliest  instrument 
employed  m  hydro- pneumatical  researches.  Its  general  form  and  uses 
may  be  g&tr.ered  from  the  remarks  of  Athenagoras  respecting  it.  This 
philosopher,  who  flourished  in  the  fifth  century,  B.  C.  made  use  of  it  to 
illustrate  his  views  of  a  vacuum.  "  This  instrument  (says  he)  which  is 
acuminated  or  pointed  towards  the  top,  and  made  of  clay  or  any  other 
material,  (and  used  as  it  often  has,  for  the  watering  of  gardens)  is,  in  the 
bottom  very  large  and  plain  [flat]  bat  ful;  of  small  holes  like  a  sieve,  but 
at  the  top  has  only  one  large-  hole."*  When  it  was  plunged  in  water,  the 
liquid  entered  through  the  numerous  holes  m  its  bottom;  after  wiiich 
the  single  opening  at  top  was  closed  by  the  finger  to  exclude  the  air ;  the 


*  Aa  qaoted  by  Switzer  from  Bockler,  Hyd.  167. 
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voasel  and  iu  contents  were  then  raised,  and  the  latter  discharged  al 
pleasure  by  removing  the  finger. 

As  this  was  the  ancient  garden  pot  of  the  Greeks,  Pliny  probably  re- 
fers to  it  when  he  speaks  of  '  sprinkling*  water,  oil,  vinegar,  &c.  on  plants 
and  roots*     It  appears  to  have  been  continued  In  use  for  such  purpose! 
in  Europe,  through  the  middle  ages  ;  and  to  a  limited  extent  up  to  the  17th 
and  18th  centuries.^     Figures  of  it  are,  however,  rarely  to  be  met  with, 
.  for  it  seems  to  have  been  nearly  forgotten  when  the  discovery  of  Torri- 
celli  revived  the  old  discussions  on  a  vacuum;  and  though  Soyle  and  other* 
then  occasionally  referred  to  it,  few,  we  believe,  gave  its  figure.*     Mont- 
faucon   speaks   of  examining  an   ancient  '  watering  stick,'    and   also   a 
*  sprinkling  pot,'  but   unfortunately'  he  has  not  described  either.'    Of 
a  great    number   of   old   philosophical     works    that 
we  have  examined  for  ihe  purpose  of  obtaining  a 
figure,  we  met  with  it  only  in  Fludd's  works.     The 
annexed  cut  ia  from  his  De  Nature  Simia  seu  Tech- 
nica  macrocoami  hiatoria.'    Oppenheim,  1618,  p.  473. 
The  mode  of  uaing  it  is  too  obvious  to  require  expla- 
nation.    It  was  pushed  into  water  in  the  position  re- 
presented ;  the  liquid  entered  through  the  opening* 
in  the  bottom,  driving  the  air  out  of  the  small   orifice 
at  the  top ;   and  when  it  was  filled,  the   person   using 
it  placed  hig  finger  or  thumb  □□  the  orifice   and   then 
moved  the   vessel   over  the  plants,  Ace.  he  wished  to 
water ;  discharging  the  cooteota  by  raiaing  the  finger. 

H».m.    Akiui Wuahng Pol 

The  application  of  this  instrument  as  a  '  garden  pot*  may  sometimes  be 
found  portrayed  in  devices,  rebuaea,  vignettes,  &c.  of  old  printers.  In 
the  title  page  of  Godwin's  Annals  of  Henry  VIII,  Edward  VI,  and 
Mary,  (a  thin  latin  folio  published  in  1616)  it  is  represented.  No.  70  is  a 
copy.  There  is  a  aimilar  engraving  on  tlie  title  page  of  a  volume  on 
farming,  &c.  entitled  '  Maison  Rustique,'  translated  from  the  French,  and 
published  in  London  by  John  Islip,  the  same  year. 


Ks.m.    WUarlv  pluti  «ta  U*  AMoapUric  SpriaUiBf  Pot. 

Independently  of  the  sprinkling  pot,  the  cut  ia  interetting  as  exhihitiBg 

■  Ntt  HisL  ivii,  II  uid  28 ;  lii,  12 :   ind  iv,  17.    '  Dictinnnaire  De  Ttpvdui,  Art 
Anwoir.    <  Borbi'i  Pbilowphicsl  works,  br  Shaw,  Lon.  1795.    VoL  ii,  pp.  140,  lU 
'Italian  Diuy,  Lou.  1735,  3%. 
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tfae  UKisni  mode  of  transplanting.  It  appears  thu  fuw  men  were  gener- 
■illy  empicyed  in  the  operation  ;  one  to  set  the  trees  or  plants,  and  another 
to  water  tLem;  a  custom  to  whicb  Sl  Paul  alludes  in  1  Cor.  iii,  6 — 8. 
Someumes  '  he  that  watered'  used  two  pots  at  the  same  lime,  holding  one 
u.  each  hand.  As  these  vessels  were  not  wholly  disused  in  Shakespeare'H 
lime,  ic  is  probable,  that  to  them  he  refer*  in  Lear  : 

Why,  this  woald  nuks  ■  niui,  >  man  of  nit,  [tesnj 
To  UM  bta.cjM  for  garden  natei'  pots.  Act  4.  Scots  C. 

Modifications  of  them  were  adapted  to  various  purposes  by  the  anciunta. 
They  were  used  to  drop  water  on  floors  in  ordof  to  lay  the  dusl,  in  both 
Qreek  and  Roman  hoases.  Their  general  form  wb«  that  a!  a  pitcher  or 
Ta«e,  and  their  dimensions  varied  with  their  uses-  Some  of  the  small' 
est  had  but  a  single  hole  in  the  bottom.  They  formed  part  of  the  ordin- 
ary culinary  apparatus,  and  were  also  used  in  religious  services.  Among 
the  antiquities  disinterred  at  Pompeii,  some  have  been  found.  No.  71 
represents  one  :  it  is  of  glass,  the  upper  part  of  the  tube  or  neck  is  want- 
~     ""    '  t  resembled  the  form  indi- 

9  No.  73,  also  of  glasa, 
has  been  pronounced  '  a 
wine-taster,  the  air  hav- 
ing been  exhausted  by 
sucking  at  the  small  end.* 
It  is  more  likely  that  the 
wide  part  was  mserted  in- 
to wine  jars  or  amphoras, 
and  the  cavity  filled  with 
that  li'i-id  precisely  as  in 
the  sprinkling  pot,  and 
.     I>»71.      flp>iDU»udWi».tut«biKl.ft«iF«pelL  samples    then   withdrawn 

by  dosing  "he  small  ori- 
fice with  the  6nger  aa  in  the  modem  instruroent,  which  is  a^ewn  at  No 
76,  and  as  in  the  dropping  tube,  one  form  of  which  is  figured  at  No,  77. 
The  general  form  of  No.  73  assimilates  it  to  those  drinking  vesa^ls  of  the 
ancients,  which  they  held  at  a  distance  in  front,  and  directed  thd  stream 
issuing  from  the  small  end  of  the  vessel  into  the  mouth;  a  mode  still 
practised  in  some  parts  of  the  Mediterranean,  and  by  the  natives  of  Ceylon, 
^Sumatra,  Malabar,  &c. 

One  of  the  most  singular  facts  connected  with  the  religious  institutions 
of  the  ancient  heathen,  was  the  extent  to  which  they  carried  the  practice 
of  sprinkling  :  almost  every  thing  was  thus  purified  ;  men,  animals,  trees, 
water,  houses,  food,  clothing,  carriages,  &c.  In  performing  the  ceremony 
various  implements  were  used  to  disperse  the  sacred  li<juid,  A  wisp 
made  of  horse  hair  attached  to  a  handle  was  common.  A  branch  from 
certain  trees,  and  sometimes  a  small  broom,  were  used  ;  in  other  cases 
perforated  vessels  were  employed.  Thus  the  Bramins  in  some  ceremonies 
take  a  vessel  of  water,  and  afWr  presenting  it  to  the  gods,  they  sprinkle 
the  liquid  with  manguier  leaves,  on  carriages,  animals,  kc.  in  others  it  is 
"sprinkled  through  a  cullender  with  ^hundred  holes  on  the  head  of 
the  father,  mother  and  child."*  The  priests  of  the  ancient  Scandinavians 
also  used  a  vessel  "  prepared  like  a  watering  pot,  with  which  they 
sprinklnd  the  altars,  the  pedestals  of  their  gods,  and  also  the  men."^     The 

■  Somient'*  Voysgea.  Vol.  i,  134  and  Vol.  ii 
Tlie  ebapter  npou  neriSce*  ia  traiulaud  in 
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Jewish  priests  commonly  used  a  branch  of  hyssop,  but  occasionally  a 
piece  of  wool,  and  sometimes  the  fingers.  "  The  priest  shall  dip  his  finger 
in  the  oil  and  sprinkle  it."  The  Greeks  and  Romans  had  not  only  founts 
or  vases  of  holy  water  in  their  temples  for  the  use  of  worshippers,  who 
dipped  their  fingers  into  them,  as  Roman  catholics  and  others  do  at  this 
day  ;  but  on  particular  occasions,  priests  or  officers  attended  to  purify  the 
people  by  sprinkling.  Thus,  when  the  Emperor  Julian  visited  the  templo 
at  Antioch,  the  Neocori  stood  on  each  side  of  the  doorway  to  purify  with 
lustral  water  all  who  entered.  Valentinian,  who  was  afterwards  raised  to 
the  empire,  was  then  captain  of  Julian's  guard,  and  as  such  walked  in 
fronL  He  was  then  a  christian,  and  some  of  the  water  having  been 
thrown  upon  him,  he  turned  and  struck  the  priest,  saying,  that  the  water 
rather  polluted  than  purified ;  at  which  the  emperor  was  so  enraged  that 
he  immediately  banished  him. 

Now  whether  the  fingers  or  light  bioo  ns,  &;c.  were  used  on  such  occa- 
sions we  do  not  know  ;  but  there  were  others  at  which  the  former  cer- 
tainly were  not.  When  the  emperors  dined,  not  only  their  persons  and 
table  furniture,  but  the  Jbod  also  was  purifkd  with  lustra!  water.  At  the 
feast  of  Daphne  near  Antioch,  which  lasted  seven  days,  we  learrs  that 
a  neochorus  stood  by  the  emperor's  seat,  and  sprinkled  the  dishes  and 
meats  '  as  usual.'  How  was  this  water  dispersed  1  Certainly  not  by  the 
fingers ;  nor  is  it  likely  that  a  wisp  or  a  broom  was  employed,  since  it 
would  be  difficult  to  direct  the  small  shower  with  sufficient  precision  on  the 
smaller  objects.  We  have  made  these  remarks  for  the  purpose  of  intro- 
ducing the  figure  of  an  ancient  sprinkling  ves- 
sel, from  the  third  volume  of  Montfaucon's 
Antiquities.  It  was  supposed  by  him  to  have 
belonged  to  the  table  or  kitchen,  but  its  spe- 
cific use  he  could  not  conjecture.  It  is  evi- 
dently a  modification  of  the  atmospheric  gat 
den  pot,  and  it  appears  admirably  adapted  fo** 
No.  73.    Eomu  Sprinkiinff  VftM.    dispersing  Hcjuid  perfumes  or  lustral  water  at 

the  table.  The  ring  is  adapted  to  receive  the 
forefinger,  while  the  thumb  could  close  the  small  orifice,  and  thus  the' con- 
tents might  be  retained  or  discharged  at  pleasure. 

Among  other  heathen  customs  that  were  long  retained  in  the  christian 
church,  was  this  practice  of  sprinkling.  Peter  Martyr  exclaims  against  a 
certain  class,  "  who  not  only  consecrate  temples  themselves,  but  also  altars 
and  coverings  to  the  altars ;  I  mcane  the  table  clothes  and  napkins,  and 
also  the  chalices  and  patins,  the  massing  garmentes,  the  churchy ardes,  the 
waxe  candles,  the  frankincense,  the  pascal  lambe,  eggs,  and  also  holie  wa- 
ter; the  boughes  of  their  palm  trees,  yong  springes,  grass,  pot-hearbes, 
and  finally  all  kinds  of  fruites."  **  They  doe  sprinkle  houses,  deade  bodies, 
churchyardes,  eggs,  flesh,  pothearbes,  and  garmentes."* 

Of  all  the  transactions  connected  with  heathen  theology,  few  ever 
made  a  greater  noise  in  ancient  Rome  than  one  that  is  connected  with  this 
part  of  our  subject ;  viz.  the  miracle  by  which  Tutia  the  vestal  saved  her 
life.  It  was  a  religious  custom  among  all  the  nations  of  old,  to  keep  sa- 
credere  in  the  temples  of  their  demes.  In  some,  lamps  were  kept  burning, 
in  others  fuel  kindled  on  the  altars.  In  the  temples  of  Jupiter-Am- 
raon,  Apollo,  Minerva,  and  some  other  deities  were  lamps  constantly 4 
burning.  The  Israelites  were  to  cause  the  lamps  to  "bum  continually," 
besides  which,  **  the  fire  shall  ever  be  burning  upon  the  altar :  it  shaD 

a  Common  Places,  part  iv,  cap.  9. 
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lieyer  go  out."  Levit.  vi,  13.  The  practice  is  still  kept  up  by  the  Jews 
and  also  by  Roman  catholics.  The  origin  of  the  custom  is  unknown ;  but 
the  Jews,  Persians,  Greeks,  &c  are  generally  supposed  to  have  derived  it 
from  the  Egyptians.  Upon  the  consecration  of  a  temple,  this  '  holy  fire' 
was  not  obtained  from  ordinary  sources,  i.  e.  from  other  fires,  but  was  pro- 
duced by  the  rubbing  of  two  sticks  together ;  or,  according  to  Plutarch, 
was  drawn  directly  from  the  sun.  "  If  it  happen  (he  observes  in  his  Life 
of  Nun:a)  by  any  accident  to  be  put  out,  as  the  sacred  lamp  is  said  to 
have  been  at  Athens,  under  the  tyranny  of  Aristion — at  Delphi,  when 
the  temple  was  burned  by  the  Medes^— and  at  Rome  in  the  Mithridatic,  as 
also  in  the  civil  war,  when  not  only  the  fire  was  extinguished  but  the 
altar  itself  overturned — ii  is  not  to  be  lighted  again  from  another  Hre,  but 
new  fire  is  to  be  gained  by  drawing  a  pure  and  unpolluted  flame  from 
the  beams  of  the  sun.  This  is  done  generally  with  concave  vessels  of 
brass." 

Among  the  Romans  a  certain  number  of  virgins  were  consecrated  with 
solemn  ceremonies  to  the  Goddess  Vesta.  They  were  named  vestals, 
and  it  was  their  peculiar  duty  to  take  charge  of  the  «acred  fire.  They 
wtfre  greatly  honored  for  their  purity  and  the  importance  of  their  office. 
**  What  is  there  in  Rome,  (exclaimed  Tiberius  Gracchus  in  his  address  to 
the  people)  so  sacred  and  venerable  as  the  vestal  virgins  who  keep  the 
perpetual  fire  V*  The  most  valuable  and  sacred  deposites  were  often 
placed  in  their  hands  for  security.  The  wills  of  rich  Romans  were 
sometimes  committed  to  their  care ;  hence  we  read  of  Augustus 
forcing  from  them  that  of  Antony,  while  the  latter  was  in  Egypt.  The 
vestals  enjoyed  many  privileges ;  among  others,  when  they  went  abroad, 
tire  fasces  (emblems  of  authority)  were  carried  by  a  llctor  before  them  ; 
and  it  was  death  for  any  one  to  go  under  the  litter  or  chair  in  which  they 
were  carried  ;  and  if  they  met  a  criminal  going  to  execution,  his  life  was 
spared.  The  vestal  daughter  of  Appius  Claudius  protected  him  from 
being  arrested  by  the  Tribunes.  On  the  other  hand,  they  were  punished 
with  extreme  rigor  if  found  to  have  broken  any  of  their  vows.  To  per- 
mit the  perpetual  or  holy  fire  to  go  out  was  an  unpardonable  act,  for  it 
was  believed  to  betoken  some  national  calamity,  and  if  one  was  found 
euilty  of  unchastity  she  was  buried  alive.  *  "  The  criminal  («ays  Plutarch) 
18  carried  to  punishment  through  the  forum  in  a  litter,  well  covered  with- 
out, and  bound  up  in  such  a  manner  that  her  cries  cannot  be  heard.  The 
people  silently  make  way  for  the  litter  and  follow  it  with  marks  of  ex- 
treme sorrow  and  dejection.  There  is  no  spectacle  more  dreadful  than 
this,  nor  any  day  which  the  city  s}>ends  in  a  more  melancholy  manner. 
When  the  litter  conies  to  the  place  appointed  the  officers  loose  the  cords, 
the  high  priest  with  hands  lifted  up  towards  heaven  offers  some  private 
prayers  just  before  the  fatal  minute;  then  takes  out  the  prisoner,  who  is 
covered  with  a  veil,  and  places  her  upon  the  steps  which  lead  down  into 
the  cell,  [grave;]  after  this  he  retires  with  the  rest  of  the  priests,  and  when 
she  is  gone  down,  the  steps  are  taken  away  and  the  cell  is  covered  with 
earth,  so  that  the  place  is  made  level  with  the  rest  of  the  mount."  [Life 
of  Numa,  Langhorne's  Trans.] 

Tutia,  who  was  accused  of  incontinence,  in  order  to  avoid  the  horrid  pen- 
alty, passionately  called,  or  affected  so  to  call,  upon  the  goddess  Vesta, 
to  establish  hy  a  miracle  her  innocence.  *'  Enable  me  (she  cried)  to  take 
a  SIEVE  full  of  water  from  the  Tyber,  and  to  carry  it  full  to  thy  temple." 
tjpon  this  appeal  her  trial  was  stayed,  and  it  was  left  to  the  deity  she 
had  invoked,  to  save  her  or  not;  for  such  a  proof  of  the  falsehood  of  her 
accusers   could   not,  if  it  3}M>uld   take  place,  be   resisted.      The   result 
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yea,  «he  aucceeded  in  carrying  the  water,  and  thereby  not  only  saved  h«r 
life,  but  greatly  increased  her  reputation  for  eanctity.  From  the  impep- 
feet  accounts  of  the  transaction  that  have  reached 
us,  it  may  perhaps  be  deemed  presuni[)tui>uB  to 
decide  on  its  real  character.  That  it  actually  oc- 
curred there  can  be  no  doubL  It  is  incorporated 
with  both  the  history  and  the  arts  of  the  Romans. 
It  is  mentioned  by  Valerius  <MaximuB,  by  Pliny 
and  Livy:  representations  of  Tutia  carrying  the 
sieve  were  alao  embodied  in  sculptures,  in  statues, 
and  engraved  on  gems.  The  annexed  figure  was 
copied  from  one  of  the  latter.  It  is  from  the  first 
volume  of  Montfaucon's  Antiquities,  Plate  28. 

As  the  feat  therefore  was  certainly  performed, 
it  must  have  been  either  by  natural  or  by  superna- 
tural means.  Some'  writers  have  admitted,  and  Sl 
Augustine  among  them,  that  the  miracle  was  a  ge- 
nuine one ;  but  there  are  circumstances  sufficient 
to  show  that  the  whole  v 


uriDnSnv*.  neatly  executed  trick,  on  the  part  of  Tutia  and  ber 

friends;  and  further,  that  it  was  a  much  more 
simple  one,  than  other  deceptions  to  which  the  heathen  priests  some- . 
times  had  recourse.  It  possesses  considerable  interest  however  as  fur- 
nishing another  specimen  of  their  proficiency  in  scientific  juggling  and 
natural  magic.  To  say  nothing  of  the  absurdity  of  admitting  a  divino 
interpofition,  in  answer  to  invocations  addressed  to  a  heathen  goddess — 
and  of  (he  improbability  of  Tutia  being  condenined  while  innocent;  there 
certainly  was  something  suspicious  in  her  undertaking  lo  select  the  lal  for 
the  goddess,  and  especially  such  a  one  as  that  of  carrying  water  in  a 
sieve.  Instead  nf  asking  for  a  sign  by  water,  it  would  have  been  more 
appropriate  and  more  natural  in  her  (if  sincere)  lo  have  prayed  for  one  by 
fire — by  that  element  which  was  the  symbol  of  the  deity  she  invoked,  and 
which  It  was  ber  peculiar  duty  to  attend  at  the  allar  and  preserve  pure — 
the  element  too,  which,  if  the  tccusation  was  true,  she  had  polluted  :  be- 
sides, a  token  by  fire  was  always  considered  by  the  heathen  as  the  strong- 
est evidence  of  divine  approbation.  What  prompted  her  then  to  mention 
the  teat  of  tho  sieve  1  Doubtless  because  the  device  by  which  it  was  to 
be  performed  was  already  matured;  not  by  the  assistance  of  Vesta,  but 
by  a  very  simjile  contrivance  furnished  ber  by  the  priests,  from  their  stoTes 
of  philosophical  and  other  apparatus  with  which  they  wrought  their  won- 
ders before  the  people. 

The  contrivance  was,  we  presume,  a  modification 
of  the  ancient  sprinkling  pot,  just  described.      The 
he   ernplojud    would   therefore   be   a   double 
lat  is,  its  bottom  and  sides  were   hollow,  the 
r  bottom  only  being  perforated,  as  in  the  an- 
Isjil  nexed  cut,  which  represents  a  double  metallic  vessel, 
'  the  inner  one   being  capable   of  holding  water,   and 
the  upper  edges  of  both  united  and  made  perfectly  " 
''°"^=^''^in?.™^™"air  tight,  with  the  exception  of  one  or  perhaps  two  , 

small  openings  shown  on  the  edge  in  the  figure. 
Thus  when  such  a  sieve  was  pressed  slowly  under  water,  the  liquid  would 
enter  through  the  perforated  bottom,  drive  the  air  befi)re  it,  and  fill  the 
cavitv  ;  and  when  the  upper  part  was  sunk  below  the  surface,  the  upper  ot 
arr*^"'  sieve  would  also  be  filled.     Then  by  covering  thf  tmall  opening 
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with  the  thumb,  the  vessel  migbt  be  raised  out  of  the  river,  the  watei 
in  the  cavity  being  suspended  precisely  as  in  Nos.  69  and  70,  so 
that  Tutia  might  return  with  it  to  the  temple,  and  on  approaching  the 
altar,  by  imperceptibly  sliding  her  thumb  to  one  Me,  the  air  would  ent^r 
the  opening  thus  exposed,  and  tbe  contents  of  the  cavity  would  descend 
in  a  shower,  to  the  amazement  of  the  spectators  and  to  the  confusion  of 
her  adversaries.  "With  such  an  instrument  she  might  go  with  that  confi- 
dence to  the  trial,  which  she  is  represented  to  have  felt,  being  fully  con- 
vinced of  success.  While  she  was  in  the  act  of  carrying  the  water,  the 
spectators  would  be  unable  to  detect  the  slightest  imposition,  or  if,  from 
the  elevation  at  which  she  seems  to  have  borne  it,  the  bottom  of  the  sieve 
was  exposed,  it  would  be  more  likely  to  confirm  them  in  the  belief  of  the 
miracle,  as  her  movements  would  cause  the  suspended  water  to  appear 
at  the  openings ;  but  it  is  more  probable  that  they  were  kept  at  too  great  a 
distance  by  the  managers  of  the  farce,  to  afford  them  any  opportunity  of 
exercising  an  undue  curiosity.  And  when  the  trial  was  over,  the  sieve 
would  be  secured  by  those  in  the  secret,  who  would  have  one  similar  in 
appearance  ready  for  examination  whenever  required. 

Few  devices  are  better  adapted  to  demonstrate  the  suspension  of  water 
by  the  atmosphere,  than  those  little  instruments  which  chemists  and  deal- 
ers in  ardent  spirit  use,  to  examine  their  various  liquids.  Those  of  the 
former  are  named  *  dropping  tubes,'  from  the  small  quantities  they  are  de- 
signed to  take  up,  and  the  latter  'liquor  tasters:'  both  are 
substantially  the  same,  for  they  differ  merely  in  form  and  di- 
mensions. Some  curious  experiments  may  be  made  with  them. 
For  example,  a  series  of  liquids  similar  in  appearance  but 
differing  from  each  other  in  specific  gravity,  and  such  as  do 
not  readily  mix,  may  be  placed  in  a  glass  or  other  vessel,  so 
as  to  form  separate  layers,  the  heaviest  at  the  bottom,  and  the 
lightest  reposing  on  the  top.  An  expert  manipulator  may 
then  by  a  taster  (No.  76)  withdraw  a  portion  of  each,  and 
present  to  the  examination  of  his  audience  from  the  same  vea 
Liquor  Tiuief'  sel,  samples  ofdifferent  wines,  ardent  spirits,  water,  &c.  There 
Dro  ?n*Tube  ^®  Tcason  to  believe  that  the  ancient  professors  of  legerdemain 
*  were  well  acquainted  with  such  devices.  It  is  possible  that 
the  trick  performed  by  a  Chinese  juggler  before  the  Russian  embassy  at 
Pekin,  in  the  last  century,  was  of  the  kind.  It  is  thus  describea  oy  Mr. 
Bell :  "  The  roof  of  the  room  where  we  sat  was  supported  by  wooden 
pillars.  The  juggler  took  a  gimblet,  with  wliich  he  bored  one  of  the  pil- 
lars and  asked  whether  we  chose  red  or  white  wine  ?  The  question  being 
answered,  he  pulled  out  the  gimblet  and  put  a  quill  in  the  hole,  through 
"which  ran  as  from  a  cask  the  wine  demanded.  After  the  same  manner  he 
extracted  several  sorts  of  liquors,  all  which  I  had  the  curiosity  to  taste, 
and  found  them  good  of  the  kinds."  Bell's  Travels.  Lon.  1764,  vol.  ii,  28. 
Peter  Martyr  speaks  of  old  jugglers  that  **  devoure  bread,  and  irome« 
diately  spit  out  meale;  and  when  they  have  droonke  wine,  they  seem  pres- 
entlie  to  poure  the  same  out  of  the  midst  of  their  forehed." 

There  are  numerous  intimations  in  history  that  hydrodynamics  was  one 
of  the  most  fruitful  sources  of  scientific  imposture,  to  which  ancient  magi- 
cians had  recourse.  Besides  the  sieve  of  Tutia,  the  cup  of  Tantalus,  and  the 
Divining  cup,  there  were  "the  marvellous  fountain,  which  Pliny  describes, 
in  the  island  of  Andros,  wViich  discharged  wine  fcr  seven  days  and  water 
during  the  rest  of  the  year — the  spring  of  oil  which  broke  out  in  Rome 
to  welcome  the  return  of  Augustus  from  the  Sicilian  war — the  three 
empty  urns  that  filled  themselves  with  wine  at  the  annual  feast  of  Bacchus 
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in  the  city  of  Ellis — ^tlie  glass  tomb  of  Belus  which  was  full  of  oil,  aiid 
which  when  once  empued  by  Xerxes  could  not  again  be  filled-'the  weep> 
ing  statues,  and  the  perpetual  lamps ; — all  the  obvious  effects  cf  the  equi 
librium  and  pressure  of  fluids." 

The  cup  of  Tantalus  will  be  ound  described  in  the  Chapter  on  Si 
phpns  in  Book  V.  Divining  cups  may  be  noticed  here,  as  there  is  reason 
to  believe  that  water  was  suspended  in  some  of  them  by  atmospheric 
pressure;  while  in  others,  sounds  were  produced  by  the  expulsion  of 
air  through  secret  cavities  formed  within  them.  Divination  by  water  has 
prevailed  from  immemorial  time,  and  in  the  eastern  world,  has  been  prac- 
tised in  a  great  variety  of  ways.  Sometimes  the  inquirers  into  futurity 
performed  the  requisite  ceremonies  themselves,  and  with  ordinary  instru- 
ments, as  when  a  mirror  or  looking-glass  was  uised ;  (see  page  34)  at 
other  times  profesfional  sorcerers  were  employed.  These  men,  as  a  mat- 
ter of  course,  provided  their  own  apparatus,  and  hence  had  every  oppor- 
tunity in  its  construction  of  concealing  within  some  part,  the  device  upon 
which  their  deceptions  turned. 

Of  all  the  implements  connected  with  Hydromancy,  cups  are  the  roost 
interesting.  They  are  among  the  earliest  that  history  has  mentioned, 
(Genesis,  xliv,  5,)  and  they  have  longer  retained  a  place  in  the  conjurer's 
budget  than  any  other.  They  were  used  by  astrologers  of  Europe  during 
the  middle  ages,  and  are  not  yet  wholly  abandoned  in  that  part  of  the 
world.  Like  all  devices  of  the  old  magicians,  ingenuity  seems  to  have 
been  exhausted  in  their  foiination  and  in  adapting  them  to  different  spe- 
cies of  jugelery.  They  were  of  various  materials ;  while  some  were  of 
silver  like  Joseph's,  others  were  of  wood,  glass,  stone,  &c.  according  to 
the  nature  of  the  trick  to  be  performed  by  them.  Sometimes  presages 
were  drawn  from  observing  the  liquid  through  the  sides  of  the  cup;  for 
this  purpose  it  was  made  of  a  translucent  material ;  but  then  one  sicle  was 
left  i/iick  while  the  others  were  thin,  so  that  the  contents  were  invisible 
through  the  former,  but  quite  plain  through  the  latter.  The  indications 
were  considered  favorable  when  the  liquid  was  clear  and  distinctly  seen, 
and  unfavorable  if  the  inquirer  could  not  perceive  it — ^thus  either  side 
was  presented  by  the  conjurer  as  best  suited  his  views.  The  same  trick 
is  still  performed  in  some  of  the  churches  in  Ital^ ;  one  side  of  the  goblet 
or  glass  is  made  opaque,  while  the  other  is  transparent.  With  other  cups 
it  was  the  motion  or  agUaticn  of  the  liquid  that  was  looked  for :  if  it  re 
mained  at  rest,  the  omen  was  bad — ^if  violently  moved,  good.  This  kind 
of  divination  most  likely  depended  on  legerdemain  or  'sleight  of  hand,' 
in  dropping  unperceived  some  substance  mt6  the  vessel  that  produced  ef- 
fervescence—or by  opening  a  secret  communication  with  a  cavity  in  the 
stem  or  base  of  the  vessel,  containing  a  liquid  that  had  a  similar  effect.  In 
Japan  it  is  common  to  place  a  pot  of  water  on  the  head ;  if  the  liquid 
boil  over,  the  presage  is  good,  "but  if  it  stirs  not,  bad  luck."*  Amonff 
the  prodigies  mentioned  by  Herodotus,  is  one  of  this  kind :  the  flesh  of 
a  victim  sacrificed  during  the  Olympic  games,  was  placed  in  brazen  caul 
drons,  and  "  the  water  boiled  up  and  overflowed  without  the  intervention 
of  fire,"  (B.  i,  59.)  The  emerald  cup,  by  which  the  priests  of  Menta 
deluded  people  in  the  dark  ages,  belongs  to  the  same  class.  On  certain 
days,  two  or  three  extremely  minute  fishes  were  secretly  put  in,  and  by 
their  motions  in  the  water  produced  such  an  effect  that  the  people  were 
persuaded  "the  cup  was  alive."^ 

*Moutaniis'  Japan,  translated  by  Ogilbj.  Lon.  1670.  p.  133. 

^  Mithionfl  Travels,  vol.  i,  93.    See  also  Moreri's  Diet.  vol.  iv.  Art.  Angurjr. 


Oftp.  4.J  LnjHMsiNe  to  raise  Xri^vifjf  hy  Suction.  801 

The  divining  cup«  of  the  Assyrians  and  Chaldeans  appear,  from  im- 
perfect accounts  of  them  extant,  to  have  been  more  artificially  contrived. 
When  one  was  used,  it  was  filled  with  water,  a  piece  of  silver  or  a  jewel 
having  certain  characters  engraved  on  it  was  thrown  in ;  the  conjurer 
then  muttered  some  words  of  adjuration,  when  the  demon  thus  addressed, 
it  is  said,  "tohisiled  the  answer  from  the  bottom  of  the  cup/'  These  ves- 
sels were  probably  so  contrived,  that  the  water  might  compress  air  con- 
cealed in  some  cavity  in  the  base,  and  force  it  through  the  orifice  of  a  mi- 
nute reed  or  whistle,  as  in  the  musical  bottles  of  Peru.  As  Julius  Cyre- 
nius  says  such  cups  were  also  used  by  the  Egyptians,  it  is  possibio  'hat  it 
M'as  one  of  them  by  which  Joseph  divined,  or  affected  through  policy  to 
divine.     Divination  by  the  cup  is  still  practiced  in  Japan. 

It  is  well  known  that  the  jugglers  of  Asia  have  always  been  unri- 
valled. Even  in  modem  times,  some  of  their  tricks  are  beautiful  applica- 
tions of  science,  and  are  so  neatly  performed  as  to  baffle  the  most  saga- 
cious of  observers.  A  full  account  of  them  would  go  far  to  explam  all 
the  miracles  which  ancient  authors  have  mentioned,  and  would  afford 'Some 
curious  information  respecting  the  secrets  of  ancient  temples. 


CHAPTER    IV. 

Svetioa :  Impoaslble  to  nite  liqoidt  bjr  that  whicli  ia  to  called— ActloD  of  the  maaclea  oi  tbe  Aona 
•ad  abdomen  in  ntcki»g  explained— Two  kinda  of  auctioD — VfUj  the  term  la  continued— Suck inf  polaor 
from  wound*— Cuppiny  and  cttppinf>horn»— Ingenuity  of  a  raren— ^uckinf  tubea  original  atmoapherlo 
pnmpa— The  Sanguisuehello— Peruvian  mode  of  taking  tea,  by  aucking  it  through  tubea— Reflectiona  on 
IL— New  application  of  aueh  tubea  auggeated — ^Explanation  of  an  ambiguout  proverbial  expreaaion. 

Air  is  expelled  from  such  vessels  as  are  figured  in  the  last  chapter  by 
thrusting  them  into  a  liquid,  which  entering  at  the  bottom,  drives  out  as 
it  rises  the  lighter  fiuid  at  the  top.  In  the  apparatus  now  to  be  described, 
it  is  withdrawn  in  a  different  manner.  The  vessels  are  not  lowered  into 
lA'atcr,  but  the  latter  is  forced  up  into  them.  The  operation  by  which  this 
is  accomplished  was  formerly  named  suction,  from  an  erroneous  idea  that 
it  was  effected  by  some  power  or  faculty  of  the  mouth,  independently  of 
any  other  influence.  A  simple  experiment  will  convince  any  one  that  the 
smallest  particle  of  liquid  cannot  be  so  raised : — fill  a  commAi  flask  or 
small  bottle  within  a  quarter  of  an  inch  of  the  top  of  the  neck,  and  place 
it  in  a  perpendicular  position ;  then  let  a  person  apply  his  mourh  over  the 
tirifif-.e,  and  he  may  suck  forever  without  tasting  the  contents ;  the  veriest 
lo\«;r  of  ardent  spirits  would  die  in  despair  ere  he  could  thus  partake  of 
hid  favorite  liquor ;  and  the  exhausted  traveler  could  never  moisten  his 
iNirched  throat,  although  the  liquid,  as  in  the  case  of  Tantalus,  was  at 
nis  lips. 

As  remarked  in  a  previous  chapter,  the  error  was  not  exploded  till 
Torricelli  and  Pascal's  experiments  proved  that  water  is  not  raised  in 
pumps  by  suction,  or  any  kind  of  attraction,  but  by  pulsion  from  aerial 
pressure.  Suction  therefore,  or  that  which  was  so  called,  merely  removes 
zn  obstacle  [air]  to  a  liquid's  ascent — it  does  not  raise  it,  nor  evan  aid  in 
'whe  act  of  raising  it.  In  other  words,  it  is  simply  that  action  of  the  mus- 
cles of  ct>.e  thorax  and  abdomen  which  enlarges  the  capacity  of  tlie  lungs 
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aiid  chesty  so  that  air  within  them  becomes  rarefied  ara  consequently  no 
longer  in  eauilibrium  with  that  without — ^hence  when  in  this  state  a  com* 
munication  is  opened  between  them  and  a  liquid,  the  weight  of  the  atmos- 
phere resting  upon  the  latter  necessarily  drives  it  into  the  mouth ;  as  for 
example,  when  a  person  drinks  water  from  a  tumbler  or  tea  from  a  cup. 
How  singular  that  the  rationale  of  taking  liquids  into  the  stomach  was  not 
understood  till  the  I7th  century — ^that  so  s'unple  an  operation  and  one  in* 
cessantly  occurring,  should  have  remained  unexplained  through  all  pre- 
vious time ! 

Two  kinds  of  suction  have  been  mentioned  by  some  writers,  but  the  prin- 
ciple of  both  is  the  same  :  one,  the  acticm  of  the  chest  just  mentioned — the 
other,  that  of  the  mouth  alone ;  viz.  by  lo weeing  the  under  jaw  while  the 
•hps  are  closed,  and  at  the  same  time  contracting  and  drawing  the  tongue 
back  towards  the  throat.  There  is  this  difference  between  them :  the 
former  can  be  performed  only  in  the  intervals  of  respiration,  w^hile  the 
latter  may  be  continuous,  since  breathing  can  be  kept  up  through  the  nos- 
trils. •  One  has  been  named  supping,  the  other  sucking.  The  term  *  sucker,* 
commonly  applied  to  the  piston  of  atmospheric  pumps,  arose  from  its 
acting  as  a  substitute  for  the  mouth.  With  this  explanation  of  the  terms 
suction,  sucking,  &c.  we  shall  occasionally  use  them,  in  accordance  with 
general  custom,  for  want  of  substitutes  equally  popular. 

Infants  and  the  young  of  all  mammals  not  only  practice  sucking  till  they 
quit  their  mother's  breasts  for  solid  food,  but  most  of  them  continue  the 
practice  tht  ugh  life  when  quenching  their  thirst:  of  this  man  is  an  ex- 
ample, for  it  is  by  sucking  that  we  receive  liquids  into  the  stomach, 
whether  we  plunge  our  lips  into  a  running  stream,  receive  wine  from 
a  goblet,  or  soup  from  a  spoon.  As  the  origin  of  artificial  devices 
for  raising  liquids  by  atmospheric  pressure  may  be  traced  to  this  natural 
operation,  some  other  examples  may  be  mentioned.  Of  these,  sucking 
poison  from  wounds  is  one.  This  has  been  practiced  from  unknown  an- 
tiquity. Job,  speaks  of  sucking  the  poison  of  asps — At  the  siege  of  Troy, 
Machaon  'suck'd  forth  the  blood*  from  the  wounds  of  Menelaus;  and  the 
women  among  the  ancient  Germans  were  celebrated  for  thus  healing  their 
wounded  sons  and  husbands.  The  serious  consequences  that  often  at- 
tended the  custom,  led  at  an  early  period  to  the  introduction  of  tmbes,  by 
means  of  which  the  operation  might  be  performed  without  danger  to  the 
operator;  for  scrofulous  and  other  diseases  were  frequently  communicated 
to  the  latter,  by  drawing  tainted  blood  and  humors  into  the  mouth ;  whereas, 
by  the  interposition  of  a  tube,  the  offensive  matter  could  be  prevented 
from  coming  in  contact  with  the  lips. 

Before  tihe  use  of  the  lancet  was  discovered,  these  cupping  tubes  were 
applied  in  ordinary  blood-letting.  Even  at  the  present  day  such  is  the 
only  kind  of  phlebotomy  practiced  by  the  oldest  of  existing  nations ;  for 
**  the  name  and  the  use  of  the  lancet  are  equally  unknown  among  the  na- 
tives of  Hindostan.  They  scarify  the  part  with  the  point  of  a  knife  and 
apply  to  it  a  copper  cupping-dish  with  a  long  tube  amxed  to  it,  by  means 
of  which  they  suck  the  olood  with  the  mouth."^  It  is  the  same  with  the 
Chinese,  Malays,  and  other  people  of  the  east.  These  generally  use  the 
same  kind  of  apparatus  as  the  Hindoos,  but  sometimes  natural  tubes  are 
employed,  as  a  piece  of  bamboo.^  The  horns  of  animals,  as  those  of 
oxen  and  ffoats  were  also  much  used ;  these  on  account  of  their  coni* 
cal  form  being  better  adapted  for  the  purpose  than  cylindrical  tubes 

•  Shoberi'i  Hindostan,  v,  42.        ^  Chinese  Repos.  it,  44.  See  also  Le  Coinie*s  Cluna 
and  Maiaden's  Sumatra. 
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Park  found  the  negroes  of  Africa  cupping  with  rains'  horns ;  and  the 
Shetlandcrs  continue  to  use  the  same  instrument,  having  derived  it  from 
their  Scandinavian  ancestors.  Cupping  was  practiced  by  Hippocrates* 
and  cupping-instruments  were  the  emblems  of  Greek  and  Roman  phy* 
flicians. 

The  application  of  a  reed  or  other  natural  tube,  through  which  to  suck 
liquids  that  cannot  otherwise  be  reached,  has  always  been  known.  The 
device  is  one  which  in  every  age,  boys  as  well  as  men  acquire  a  know* 
ledge  of  intuitively,  or  as  it  were  by  instinct;  nor  does  it  indicate  a  greater 
degree  of  ingenuity  than  numerous  contrivances  of  the  lower  animals--' 
that  of  the  raven  for  example,  which  Pliny  has  mentioned  in  the  tenth 
book  of  his  Natural  History.  This  bird,  during  a  severe  drought,  seeing 
a  vase  near  a  sepulchre,  flew  to  it  to  drink,  but  the  small  quantity  of 
water  it  confftined  was  too  low  to  be  reached.  In  this  dilemma,  stimula^ 
ted  by  want  and  thrown  upon  its  own  resources  for  invention,  it  soon  de- 
vised an  effectual  mode  of  accomplishing  its  object — it  picked  up  small 
pebbles  and  dropped  them  into  the  vessel  till  the  water  rose  to  the  brim-^ 
an  instance  of  sagacity  fully  equal  to  the  application  of  a  tube  under 
similar  circumstances  by  man. 

As  sucking  tubes  are  atmospheric  pumps  in  embryo,  a  notice  of  some 
applications  of  them  will  form  an  appropriate  introduction  to  the  latter. 
They  constituted  part  of  the  experimental  apparatus  of  the  old  Greek  Ple- 
nists  and  Vacuists ;  and  were  used  by  the  Egyptians  as  siphons.  They 
were,  and  still  are,  employed  in  Peru  for  drinking  hot  liquids,  and 
were  anciently  used  by  the  laity  in  partaking  of  wine  in  the  Euoharist. 
"Beatiis  Rhenanus  upon  TertuUian  in  the  booke  De  Corona  MUitis,  re- 
porteth  that  among  the  riches  and  treasures  of  the  church  o^  Mense,  were 
certain  silver  pypes  By  the  which  profane  men,  whom  they  call  the  laietie, 
sucked  out  of  the  challice  in  the  holy  supper."*     The  device,  if  not  of 

more  distant  origin,  was  perhaps  designed  in  the  dark 
ages,  as  a  check  to  the  rude  communicants,  who  would 
naturally  be  inclined  to  partake  too  freely  of  the  cup. 
But  since  the  laity  were  excluded  by  the  Council'  of 
Constance,  from  sharing  the  wine,  the  use  of  such  tubes 
has  been  retained.  At  the  celebration  of  high  mass  at  St. 
Denis,  the  deacon  and  sub-deacon  suck  wine  out  of  the 
chalice  by  a  ckalttmeau  or  tube  of  gold.  [Diet,  de  Tre- 
Youx.     Art.  Chalumeau.] 

'  The  sanguisuchello  or  blood-sucker,'  says  La  Motraye, 
is  a  golden  tube  by  which  the  Pope  sucks  up  the  blood 
[wine]  at  high  mass;  the  chalice  and  tube  being  held 
by  a  deacon.  The  instrument,  he  remarks,  corresponds 
with  "  the  ancient  pugillaris,  or  tube  mentioned  by  Car* 
dinal  Bona  in  his  treatise  of  things  belonging  to  the  liturgy, 
and  of  the  leavened  and  unleavened  bread."**  No.  78  is  a 
figure  of  the  sanguisuchello.  It  has  three  pipes,  but  the 
middle  or  longest  one  is  that  by  which  the  liquid  is  raised. 
The  whole  is  of  gold,  highly  ornamented,  and  enriched 
euffukiiehcDa      with  a  large  emerald.     One  reason  assigned  for  its  use, 

is,  that  it  is  more  seemly  to  suck  the  olood  [wine]    as 
through  a  vein,  than  to  sup  it. 

The  Peruvians  make  a  tea  or  decoction  of  the  'herb  of  Paraguay,'' 


•Peter  Martyr'n  Com.  Places.  Lon.  1583.  Part  4,  p.  37.        ^La  Motnje'it  Trav  i, 
31,427,  and  Bh:nviHe'«Trav  ii.  332 
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«)iich  is  common  to  all  clasaei.  "Instead  of  drinking  the  tincture  ot 
infusion  apart,  as  we  drink  tea,  they  put  the  herb  into  a  cup  or  bow) 
made  of  a  calabash  or  gourd,  tipp'd  wich  silver,  which  they  call  mate; 
they  add  sugar  and  pour  on  it  the  hot 
water,  which  they  drink,  immediately 
without  giving  it  time  to  infuse,  because 
it  turns  as  black  as  ink.  To  avoid  drink- 
ing the  herb  which  swims  at  the  top, 
thev  make  use  of  a  tilver  pipe,  at  the 
end  whereof  is  a  bowl  full  of  little 
holes;  so  that  the  liquor  mck'd  in  at 
the  other  end  is  clear  from  the  herb."* 
Frezier  has  given  an  engraving  of  a 
lu':ly  thus  employed,  froih  which  the 
annexed  cut  is  copied. 

In  Frezier's  time  it  waa  the  custom 
for  every  one  at  a  party  to  suck  out 
of  the  same  tube — like  Indians  in  coun- 
cil, each  taking  a  whifi*  from  the  same 
calumet  With  the  exception  of  con- 
„   „    „  fininfi;  a  company  to  the  use  of  one  in- 

NO.TO.    Pinilui  rinulE  tmUii  tH  with  .        =        .  '        l       IJ    •L'    I        L'  J 

■  •uUif-oitw.  Btrument,   wa  should  think  this   mode 

of  'taking  tea'  deserving  the  considerar 
tion  of  the  wealthy,  since  it  possesses  several  advantages  over  the  Chinese 
plan  which  we  have  adopted.  In  the  first  place,  it  is  not  only  a  more 
ingenious  and  scientific  mode  of  raising  the  liquid,  but  also  more  graceful 
than  the  gross  mechanical  one  of  lifting  the  vessel  with  it.  It  is  moru 
economical  as  regards  the  exertion  required ;  for  in  Ordinary  cases  a  per- 
son expends  an  amount  of  force  in  carrying  a  cup  of  tea  backwards  and 
forwards,  so  many  times  to  his  mouth,  as  would  suffice  to  raise  a  bucket 
of  water  from  a  moderately  deep  well.  In  the  use  of  these  tubes  there  is 
no  chance  of  verifying  the  old  proverb — '  many  a  slip  between  the  cup 
and  the  lip* — And  then  there  is  no  danger  of  breakage,  since  the  vessel 
need  not  be  removed  from  the  table.  How  often  has  a  valuable  'tea-set' 
been  broken,  and  the  heart  of  the  fair  owner  almost  with  it,  by  sonin 
awkward  visitor  dropping  a  cup  and  saucer  on  their  way  to  his  moutli, 
or  on  their  return  to  the  table  I  Lastly,  the  introduction  of  these  lubes, 
would  leave  the  same  room  as  at  present  for  display  in  tea-table  para- 
phernalia. 

Tliere  is  another  application  of  them  which  some  convivialists  may 
thank  us  for  suggesting.  It  has  been  regretted  by  ancient  and  modern 
epicures  that  nature  has  given  them  nfck»  much  shorter  than  those  of 
some  other  animals;  these  philosophers  supposing  that  the  pleasures  of 
eating  and  drinking  are  proportioned  to  the  length  of  the  channel  through 
which  food  passes  to  the  stomach.  Now  although  a  sucking  tube  will  not 
alter  the  naiural  dimensions  of  a  person's  neck,  it  may  be  so  used  as  to 
prolong  the  sensation  of  deglutition  in  the  shortest  one ;  for  by  contracting 
the  orifice,  each  drop  of  liquid  imbibed  through  it  may  be  brought  in 
contact  with  the  organs  of  taste,  and  be  detaine<l  in  its  passage  until  every 
particle  of  pleasure  is  extracted  from  it; — being  the  reverse  of  what 
takes  place,  when  gentlemen  swallow  their  wine  in  gulps.  The  most  fa.^ 
tidious  disciple  of  Epicurus  could  not  object  to  this  use  of  them,  since 
nothing  would  touch  his  liquid  but  the  tube;   and   as  every  person  would 

*Fr«iier's  Voyage  to  (be  South  Sea*,  p.  2!J2. 
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provide  his  own,  no  one  would  ever  think  of  borrowing  his  neighbc  r's, 
any  more  than  he  would  ask  for  the  loan  of  his  tooth-pick.* 

We  are  not  sure  that  this  plan  of  attenuating  agreeable  liquids,  did  not 
give  rise  to  that  mode  of  drinking  adopted  by  the  luxurious  Greeks  and 
Romans,  to  which  we  have  before  alluded.  Their  drinking  vessels  were 
generally  horns,  or  were  formed  in  imitation  of  them.  At  the  small  end 
of  each  a  very  minute  opening  was  made,  through  which  a  stream  of 
drops,  as  it  were,  descended  into  the  mouth  Paintings  found  in  Pom- 
peii, and  other  ancient  monuments,  represent  individuals  in  the  act  of  thus 
using  them — while  others,  whose  appetite  for  the  beverage,  or  whose 
thirat  was  too  keen  to  relish  so  slow  a  mode  of  allaying  it,  are  seen 
drii  king,  not  out  of  "  the  little  end,"  but  out  of  the  large  end  "  of  the 
horn."  We  have  mentioned  this  circumstance  because  it  appears  to  af- 
ford a  solution  of  an  old,  but  somewhat  ambiguous  saying. 


CHAPTER    V 

Ob  b«lloir>  panptt  Great  Tariflty  in  tba  Ibmi  and  matariala  of  machinea  ut  raba  watar— Simple  bel 
low*  panp— Ancient  German  pumi>— Frencli  pump— 4»o«Mt*i  frictionleu  pump :  SulMequenilj  r»4B- 
vented— Martin'a  pump— Robiaon's  kwf  pump— Diaadvantafet  of  bellows  pampa— Natural  pumpa  is 
man,  qnadrupede,  insecU,  birda;  tec — ^Refleciiona  on  them.  Ancient  vaaea  figured  in  tliia  eliapter. 

In  the  course  of  time  a  new  feature  was  given  to  sucking  tubes,  by 
which  they  were  converted  into  pumps:  this  was  an  apparatus  for  with- 
drawing the  air  in  place  of  the  mouth  and  lungs.  In  what  age  it  was  Brst 
devised,  and  by  what  people,  are  alike  unknown.  The  circumstance  that 
originally  led  to  it,  was  probably  the  extension  of  the  length  of  sucking 
tubes,  until  the  strength  of  the  lungs  was  no  longer  sufncient  to  draw 
water  through  them.  In  this  way  the  bellows  pump,  the  oldest  of  all 
pumps,  we  presume  took  its  rise. 

It  shculd  be  bcme  in  mind  that  an  atmospheric  pump  is  merely  a  con- 
trivance placed  *it  the  upper  end  of  a  pipe  to  remove  the  pressure  of  the 
atmosphere  there*  while  it  is  left  free  to  act  on  the  liquid  in  which  the 
lower  end  is  immersed ;  and  farther,  that  it  is  immaterial  what  the  sub- 
stance of  the  machine  is,  or  what  figure  it  is  made  to  assume.  Some  per- 
sons perhaps  may  suppose  that  pumps  seldom  vary,  and  then  but  slightly, 
from  the  ordinary  one  m  our  streets,  (the  ancient  wooden  one)  but  no  idea 
could  be  more  erroneous;  for  few,  if  any,  machines  have  undergone  a 
greater  number  of  metamorphoses.  The  body  or  working  part,  which  is 
named  the  'barrel'  and  sometimes  the  'chamber,'  so  far  from  being  always 
cylindrical,  has  been  made  square,  triangular,  and  elliptical; — it  is  not  even 
alwg^s  straight,  for  it  hp.s  been  bent  into  a  portion  of  a  circle,  the  centre 
of  which  formed  the  fulcrum  of  the  lever  and  rod,  both  of  which  in  this 
caae  being  made  of  one  piecs  r  its  materials  have  not  been  confined  to 
wood  and  the  metals,  for  pumps  have  been  made  of  glass,  stoneware, 
stone,  leather,  canvas,  and  caou.tchouc.     Some  have  been  constructed  like 


^In  Shakespeare's  time,  "ever)r  ^est  carried  his  own  &m/e,  which  he  occasicnaltjr 
whetted  on  a  atone  that  lumg  beliind  the  door.    One  of  these  wiietstones  may  be  seen 
»n  Partcinson'a  Muaeum.    Tliey  were  strangers  at  that  pnriod  to   the  use  of  U  rlw.' 
[  R'UsoDs's  Notes  on  Shakespeare's  Tiinon  ol*  Athens.  Act  i,  Scene  3.  ] 
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k  bag,  reaemblin?  the  ol<]  powder-puff*  or  the  modern  accordion ;  others  ia 
the  form  of  the  aomeatic   and  blacksmith's  bellows — some   in  the   fi^rg 
of  a  drum,  and  olhera  aa  a  portion   of  one — aa  a   simple   horizonlal   tube 
suspended  at  the  centre  on  a  perpeiMlicular  one,  and   whirled  round  like 
the  arms  of  a  potter's  wheel — tlien  again  as  a  perpendicular  tube  wHlhout 
f  icker  or  piston,  and  moved  like  a  gentleman's  walking  cane,  from  which 
inaeed  its  name  is  derived.  (See  Caraie  Hi/dratdijtie  in  Book  IV.)     T!\ej 
^ave  bIho  been  made  of  two  simple  tubes,  one  moved  over  the  other  iike 
those  of  a  telescope — even  a  kettle  or  cauldron  has  been  used  as  a  pump, 
and  the  vapor  of  its  boiling  water  substituted  for  the  sucker  to  expel  the 
air  it  contained,  after  which   the  pressure  of  the  at- 
mosphere forced  water  into  it  from  below.     In   line, 
any  device  by  which  air  can   be  removed   from   the 
interior  of  a  vessel,  is,  or  may  be  used  as  a  pump  to 

Nor  have  the  '  muckers*  or  '  pistons'  been  subject 
to  .less  changes  than  other  parts  of  pumps.  They 
have  been  made  solid  and  hollow— m  the  form  of 
cones,  cylinders,  pyramids,  sectors,  and  segmenta  of 
circles: — in  the  shape  of  cog-wheels,  and  of  the 
arms  and  vanes  of  wind-mills,  with  motions  analogous 
to  such  as  these;  and  sometimes  they  are  made  in 
the  shape  of  a  gentleman's  hat  and  of  similar  mate- 
lials;  while  the  only  motion  impaned  to  them,  is 
the  odd  one  of  alternately  pushing  them  inside  out 
and  outside  in. 

If  a  collapsed  bladder  or  leather  bag,  be  secured 

jf^  ^  at  its  oriRce  to  the  upper  end  of  a  perpendicular 

tube  whose  lower  end  is  placed  in  a  vessel  of  water, 

(No.  80)  then,  if  by  some  contrivance  the  bag  can  be  distended,  as  shown 

by  the  dotted  lines,  the  small  t^uantity  of  air  contained  in  it  and  the  pipe 

would   become   rarefied,    and    consequently    unable 

to  balance    the  pressure  without — hence  die  liquid 

would  be  forced  up  into  the  bag,  until  the  air  within 

became  again  condensed  as  before — that  is,  the  blod' 

der   would   be  filled  with  water,  with  the  exception 

of  a  quantity  etjual  to  the  space  previously  occupied 

by  the  air  within  it  and  the  pipe. 

To  convert  this  simple  apparatus  into  a  pump,  two 
valves  or  clacks  only  are  wanting.  One,  opening  up- 
wards and  placed  in  any  part  of  the  pipe  or  at  either 
of  its  extremities.  This  will  allow  water  to  pass  up 
through  it,  but  none  to  descend.  The  other  placed 
over  an  aperture  made  on  the  top  of  the  bag,  and 
opening  outwards — through  'iiis  the  contents  of  the 
vessel  when  collapsed  can  ba  discharged ;  and  when 
aisCended  it  will  close,  and  thereby  prevent  tHe  en- 
trance of  the  external  air.  The  instrument  thus  ar- 
anged  becomes  a  heUou>i  pump,  (No.  SI,)  a  mt.rhiue, 
which  from  the  obvious  application  of  the  bellows  to 
raise  and  spout  water  as  well  as  air,  has  been  re- 
invented by  machinists  in  almost  every  age. 
N*.  n.  Baiioin  Paap.  The  figure  scarcely  requires  illustration.  It  repre 
sents  a  pipe  attached  to  the  under  board  of  a  circular 
or  lantern  bellows,  the  orifice  of  which  ia  covered  by  a  clack — the  uppei 
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boant  liM  »lso  an  opening  in  i»  ceotre  which  is  closed  by  a  ralTe  or  ciack, 
and  also  furnished  with  a  rod  and  handle.  The  under  board  some timea 
forms  the  bottom  of  a  box,  in  one  side  of  which  a  spoul  is  inserted,  aa 
shown  by  the  dotted  lines.  ■ 

The  earUest  representation  of  a  bellows  pump  which  we  have  mot 
with  in  books,  is  among  the  curious  cuts  attached  to  the  first  German 
translation  of  Vegetius,  from  which  No.  82  is  copied.  (Erffurt  1511)"  It 
will  suffice  to  show  the  application  of  this  kind  of  pump  to  raise  water 
at  tliat  time.  There  was  of  course  a  valve  covering  the  hiterior  orifice 
of  the  nozzle  and  opening  outwards,  to  prevent  the  air  from  entenng 
when  the  upper  board  was  raised.  This  valve  is  not  shown  because  the 
an  of  representing  the  interior  of  machines  by  section,  was  not  then  un- 
derstood, or  not  practiced.  The  lower  board  is  fastened  to  the  ^und  by 
a  post  and  key,  and  a  weight  is  placed  on  the  upper  one  to  assist  io  ex- 
pelling the  water. 


One  hundred  years  ago,  two  bellows  fixed  in  a  box  and  worked  by  a 
double  lever,  like  the  old  fire  or  garden  engine,  was  devised  by  M.  Da 
Piiv,  Master  of  Requests  to  the  king  of  France.  The  machine  was  re 
commended  to  raise  water  from  the  holds  of  ships,  drain  lands,  Ice.  It 
appears  that  the  widow  of  M.  Du  Puy,  expected  to  reap  great  advantage! 
from  it  in  England ;  but  Dr.  Desaguliers,  m  1744,  published  a  description 
of  It  taken  from  the  French  account,  and  among  other  remarks  he  ob 
served — "About  fourteen  years  ago,  two  men  here  applied  far  a  patent 
for  this  very  engine,  proposing  thereby  to  drain  mines ;"  •  a  •  "  all  the 
difference  was,  that  their  bellows  were  fixed  upon  a  little  waggon;  and 
ihey  had  a  short  sucking  pipe  under;  and  the  force  pipe  went  up  from 
the  two  bellows.  I  opposed  the  taking  out  of  this  patent,  because  I 
£hnught  it  would  be  of  great  hurt  to  the  undertakers,  to  lay  out  near 
■2'gLly  pounds  for  what  wnuld  never  bring  them  eighty  pence ;  unless  they 
rrade  a  bubble  of  It,  and  drew  unwary  people  into  a  scheme  to  subscribe 
n?oney."  (&it.  Philos.  ii,  501.)  Bellows  pumps  were  previously  used  in 
f'raGce.     They  are  spoken  of  as  common  in  the  old  DicL  de  Trevoux. 


>I  am  indebted  to  John  Allan.  Ek].  for  a  copf  of  this  scarce  old  work.  Il  is  the  lan 
ta  which  Vtr,r  Beckman  rcr«ra  in  bis  article  on  the  diviD(  bell.  Unforninaiely  the  cu 
ml*  lef)  without  eiplaniiion. 
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A  neat  ana  perliftpa  the  best  modtlication  of  these  inachineB  was  dr 
vised  about  the  year  173S,  in  Paris,  by  Messrs.  Gossetand  Deuille.     It  wu 
described  hy  Belidor  in  1739,  and  by   DesaguUere  in   1744,  u  "a  piston 
withoiil  fricuon."     It  consists  of  a  circular  piece  of  leather  pressed  into 
,    the  form  of  a  deep  dish,  or  of  a  low 
crowned  hat  with  a  wide  rim.     This 
rim  is  secured  by  bolts  and  screws 
bet'veen  two  danches  of  a  pump  cy- 
linder, forming  an  air  tight  joint — tho 
Ert  corresponding  to  the  body  of  tha 
t  filB  loosely  into  the  cylinder ;   and 
the  crowD  is  atrengthed  by  a  circular 
plate  of  metal  of  the  same  size  and 
riveted  to  ic     In  the  centre  of  thia 
plate  an  opening  is  made   and   also 
through  the  leather  for   the   passagn 
of  the  water,  and  covered  by  a  valve 
opening    upwards    hke   the   ordinary 
sucker  of  a  pump.      The  forked  end 
of  the  pump-rod  is   secured    to    this 
plate.    (See  figure.)     Wlien  the  rod  is 
nised,  the  bottom  of  the  diah  or  hal 
is  above  the  Ranch,  and   when  down 
No.  SSL   OaaM  ud  D(>iU*-*  Paap.  it  ia   pushed  inside  out  as  shown   in 

the  cut  Thus,  by  alternately  elo- 
vating  and  depressing  it,  the  water  is  raised  as  in  the  common  pump 
This  piston  is  described  in  Vol.  VI,  of  Machines  approved  by  the  Prencli 
Academy   for  1732,  p.  85,  as  the  invention  of  M.  Boulogne. 

The  great  advantage  of  this  pump  is  in  the  sucker  or  piston  not  rub- 
bing against  or  even  touching  the  sides  of  the  cylinder,  hence  there  is  no 
friction  to  overcome  from  that  source,  and  the  leather  is  consequently 
more  durable;  but  the  length  of  itroke  is  much  less  than  in  common 
pumps,  it  seldom  exceeding  six  or  eight  inches,  lest  the  leather  should  ha 
overstrained  in  pressing  it  deeper.  Large  pumps  of  this  description  wer« 
worked  in  the  mines  of  Brittany  incessantly  during  three  or  four  months 
without  requiring  any  repair.  India-rubber,  and  canvas  saturated  or 
coated  with  it,  have  been  successfully  used  in  place  of  leather.  Soma 
modifications  of  the  sucker  have  also  been  introduced. 

This  pump  was  re-invented  in  England  some  years  ago,  and  made  con- 
siderable noise  under  a  new  name.  See  London  Mechan.  Magaxino,  and 
Register  of  Arts.  1S26-29  ;  also  the  Journal  of  the  Franklin  Institute  fo» 
1331,  vol.  vii,  193.  In  1766,  Mr.  Benjamin  Martin,  the  well  known  au- 
thorof 'PhilosophiaBritannica'and  other  scientific  works,  proposed  a^ood 
double  pump  of  this  kind  for  the  British  navy — a  figure  and  descrl^t!ua 
of  it  may  be  seen  in  Vol.  XX.  of  Tilloch's  Philosophical  Mafazine. 

Dr.  Robison,  in  tlie  second  volume  of  his  Mechanical  Philosopiiy,  :>ro* 
posed  what  has  been  named  an  improvement  on  the  last  pump.  Ills  ie- 
vice  ia  however  little  else  than  the  old  bellows  pump.  A  figure  of  it  and 
his  description  are  annexed. 

A,  B,  (No.  84)  represents  a  wooden  trunk  or  cylinder  of  metal,  hivirg  a 
a  spout  at  the  upper  part,  and  the  lower  end  closed  by  a  plate,  the  openiof; 
in  which  is  covered  by  a  clack  valve  E,  as  in  No.  83.  To  this  plat>  is  se- 
cured the  open  bottom  of  a  long  cylindrical  bag,  the  upper  end  being  fxed 
to  the  round  board  F.  "  This  bag  may  be  made  of  leather  or  of  doui<ie  can- 
Tu,  a  fold  of  thin  leather  or  of  aheepskJD  being  placed  between  the  two 
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No.  81    Baf  Piuap. 


'oldf.    The  upper  end  of  the  bag  should  be  fir  ml  v  tied  witb  a  cord  i  n  a  groove 

turned  out  of  the  rim  of  the  board  at  F.  Into 
this  board  is  fixed  the  fork  of  the  piston  rod, 
and  the  bag  is  kept  distended  by  a  number  of 
wooden  hoops  or  rings  of  wire,  fixed  to  it 
at  a  few  inches  distance  from  one  another,  and 
kept  at  the  same  distance  by  three  or  four 
cords  binding  them  together,  and  stretching 
from  the  top  to  the  bottom  of  the  bag.  Now 
let  this  trunk  be  immersed  in  the  water :  it 
is  evident  that  if  the  bag  be  stretched  from 
the  compressed  form  which  its  own  weight 
will  give  it  by  drawing  up  the  piston  rod,  its 
capacity  will  be  enlarged,  the  valve  F  will 
be  shut  by  its  own  weight,  the  air  in  the  bag 
will  be  rarefied,  and  the  atmosphere  will 
press  the  water  into  the  bag.  When  the  rod 
IS  thrust  down  again,  the  water  will  come  out 
at  the  valve  F,  and  fill  part  of  the  trunk.  A 
repetition  of  the  operation  will  have  a  similar 
effect;  the  trunk  will  be  filled,  and  the  water  will  at  last  be  discharged 
at  the  spout."     The  operation  is  precisely  the  same  as  in  No.  81. 

'^Here  is  a  pump  without  friction  and  perfectly  tight;  for  the  leather 
between  the  folds  of  canvas  renders  the  bag  impervious  both  to  air  and 
vrater.  We  know  from  experiment  that  a  bag  of  six  inches  diameter 
made  of  sail  cloth  No.  3,  with  a  sheepskin  between,  will  bear  a  column 
of  fifteen  feet  of  water,  and  stand  six  hours  work  per  day  for  a  month, 
without  failure;  and  that  the  pump  is  considerably  superior  in  effect  to  a 
common  pump  of  the  same  dimensions.  We  must  only  observe  that  tlie 
length  of  the  bag  must  be  three  times  the  intended  length  of  the  stroke, 
so  that  when  the  piston  rod  is  in  its  highest  position,  the  angles  or  ridges 
of  the  bag  may  be  pretty  acute.  If  the  bag  be  more  stretched  than  this, 
the  force  which  must  be  exerted  by  the  laborer  becomes  much  greater 
than  the  weight  of  the  column  of  water  which  he  is  raising." 

But  <titer  all  that  can  be  said  in  favor  of  bellows  pumps,  they  have  their 
disadvantages.  A  prominent  one  is  this :  when  the  leather  or  other  ma- 
terial of  which  they  are  formed  is  worn  out,  a  practical  workman,  who 
is  not  to  be  obtained  in  every  place,  is  required  to  renew  it.  Unlike  re- 
placing the  leather  on  an  ordinary  '  sucker*,  which  a  farmer  or  a  sailor  on 
ship-board  can  easily  accomplish,  the  operation  requires  practice  to  per- 
form it  efliciently,  and  the  expense  both  of  time  and  materials  is  much 
greater  than  that  of  similar  repairs  to  the  common  pump.  For  these  and 
other  reasons,  bellows  pumps  have  never  secured  a  permanent  place 
among  staple  machines  for  raising  water,  and  the  old  cylindrical  pump 
•till  retains  the  preeminence,  notwithstanding  the  almost  innumerable  pro- 
jects that  have  been  brought  forward  to  supersede  it. 

The  preceding  machines  resemble  in  some  degree  the  apparatus  for 
irinking  which  the  Creator  has  furnished  to  us  and  to  such  quadrupeds 
as  do  not  lap.  When  an  ox  or  a  horse  plunges  his  mouth  into  a  stream, 
ne  dilates  his  chest  and  the  atmosphere  torces  the  liquid  up  into  his  sto- 
mach precisely  as  up  the  pipe  ef  a  pump.  It  is  indeed  in  imitation  of 
these  natural  pumps  that  water  is  raised  in  artificial  ones.  The  thorax  is 
the  pump;  the  muscular  ienergy  of  the  animal,  the  power  that  works  it; 
the  throat  is  the  pipe,  the  lower  orifice  of  which  is  the  mouth,  and  which 
he  must  necessarily  insert  into  the  liquid  he  thus  pumps  into  his  stomach; 
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and  whenever  the  depth  of  water  is  insufficient  to  cover  the  opening  be- 
tween his  lips,  the  animal  instinctively  draws  closer  those  portions  of  them 
above  it,  and  contracts  the  orifice  below,  just  as  we  do  under  similar  cir- 
cumstances, and  which  we  constantly  practice  in  sipping  tea  or  coffee  from 
a  Cup,  or  any  other  beverage  of  which  we  wish  to  partake  in  small  quan- 
tities. The  capacious  chest  of  the  tall  camel,  or  of  the  still  taller  came  - 
leopard  or  giraffe,  whose  head  sometimes  moves  twenty  feet  from  the 
ground,  is  a  large  bellows  pump  which  raises  water  through  the  long 
channel  or  pipe  in  his  neck.  The  elephant  by  a  similar  pneumatic  appa- 
ratus, elevates  the  liquid  through  that  flexible  'suction  pipe,'  his  proboscis; 
and  those  nimble  engineers,  the  common  house-flies,  raise  it  through  their 
minikin  trunks  in  like  manner.         * 

*  We  may  here  remark,  that  among  the  gigantic  animals  which  in  remote 
ages  roamed  over  this  plarA^t,  and  which  quenched  their  thirst  as  the  ox 
does,  there  could  have  been  none  which  stood  so  hi&;h  as  to  have  their 
stomachs  thirty  feet  above  the  water  they  thus  raised  into  them.  And  on 
the  table  lands  of  Mexico,  and  the  still  higher  regions  of  Asia,  Africa,  and 
South  America,  animals  of  this  kind,  if  such  there  were,  must  have  had 
their  stomachs  placed  still  lower. 

The  mandibles  of  some  insects  are  hollow,  and  are  used  as  sucking 
pumps.  They  serve  also  sometimes  as  sheaths  to  poniards,  with  which 
nature  has  furnished  them,  as  weapons  of  offence  and  defence.  Those 
of  the  lion-ant  are  pierced,  and  "  no  doubt  act  as  suckers."  This  little 
animal  constructs  a  minute  funnel-shaped  excavation  in  dry  sand,  and  co- 
vering its  body  at  the  bottom  lays  in  wait,  like  an  assassin,  for  its  prey : 
''no  sooner  does  an  industrious  ant,  laden  perhaps  with  its  provision,  ap- 
proach the  edge  of  the  slope,  than  the  finely  poised  sand  gives  way,  and 
the  entrapped  victim  rolling  to  the  bottom,  is  instantly  seized  and  mucked 
to  a  shadow  by  the  lurking  tyrant,  who,  soon  after  by  a  jerk  of  his  heafl 
tosses  out  the  dead  body.  Weasels  and  other  animals  suck  the  blood 
of  their  prey.  The  tortoise  drinks  by  suction,  for  which  purpose  he 
plunges  his  head  deep  into  the  fiuid,  so  as  even  to  cover  his  eyes.  There 
are  several  species  or  birds  denominated  'suctorioT  on  account  of  their 
obtaining  food  by  means  of  atmospheric  pressure,  which  they  bring  into 
action  by  apparatus  analogous  to  the  pump.  The  graUatore*  or  wader9t 
"suck  up  their  food'*  out  of  water. 

It  is  impossible  to  contemplate  the  structure  and  habits  of  animals, 
without  being  surprised  at  the  extent  to  which  this  principle  of  raising  li- 
quids has  been  adopted  by  the  Almighty  in  the  formation  of  insects,  rep- 
tiles, fishes,  birds,  amphibia  and  land  animals ;  and  also  at  its  adaptation 
to  their  various  forms,  natures,  and  pursuits.  Had  we  the  necessary 
knowledge  of  their  physiology,  we  would  desire  no  greater  pleasure,  no 
other  employment  than  to  examine  and  describe  these  natural  pneumatic 
machines,  and  the  diversified  modes  of  their  operation. 

For  other  natural  pumps,  see  remarks  at  the  end  of  Chapter  2,  on  bel- 
lows forcing  pumps,  in  the  next  Book. 

The  ve$9ds  or  vases  figured  in  this  chapter  are  ancient.  Those  in 
which  the  tubes  are  inserted  in  illustrations  Nos.  80  and  81,  are  of  glass; 
the  one  under  the  pump  spout  in  No.  83,  is  a  bronze  bucket;  all  from 
Pompeii.  The  latter  is  referred  to  at  page  67.  The  globular  vessel  in 
No.  84,  is  a  figure  of  a  brazen  cauldron,  also  Roman,  from  Misson.  See 
page  19  of  this  volume. 


Obsp.  6.1  The  Commom  Atmosphtric  Pwmp.  SU 


CHAPTER    VI. 

The  atoMMpbeiie  piiap  Mppoiad  bjr  mmm  penona  to  be  ofaodera  origin— I^Jattiee  towvdi  the  ■■ 
oieBts— Their  hnowledfe  of  hydrodjmamice— Abeordity  of  an  alledyed  proof  of  their  if normnee  of 
a  simple  priociple  of  hydroetetice— CkMimoa  cylindrical  pnmp— Its  antiquity^— Aociently  known  un- 
der the  oame  of  e  eiplion— The  mKOim  of  the  Oreeke— Used  ••  a  ship  pump  by  the  Homans— Bilf  a 
pamp— Portable  pampe— Wooden  pampa  alwaya  need  in  ahipo— Description  of  some  in  the  U.  S.  Navy 
— 4nfenaity  of  soiloro— Singular  mode  of  making  wooden  punpe,  fl'om  Dumpier— Old  draining  pump— 
Pnmpe  in  public  and  prirate  welle— In  mines  Pump  from  Agricola,  with  figures  of  Tarioos  boxes— 
Double  pamp  formerly  used  in  the  mines  of  Germany,  llom  Fludd^  works— The  wooden  pump  not  ha 
proved  by  the  OMiderns— Its  use  confined  chiefly  to  dTilised  states. 

Some  persons  are  unwilling  to  admit  that  the  atmospheric  pump  was 
known  to  the  ancients,  and  yet  they  are  unable  to  prove  its  origin  in  later 
times  or  by  more  recent  people.  The  passages  in  ancient  authors  in  which 
it  is  supposed  to  be  mentioned  or  alluded  to,  are  deemed  inconclusive, 
because  the  terms  by  which  it  is  designated  were  also  applied  to  othei 
devices.  , 

To  confine  the  knowledge  of  the  ancients  to  such  departments  of  the 
arts  as  are  either  expressly  mentioned  or  referred  to  in  U-reek  and  Roman 
authors,  and  to  those,  specimens  of  which  have  been  preserved  to  our 
times,  is  neither  liberal  nor  just.  Let  us  suppose  Europe  and  the  United 
States^  in  the  course  of  future  time,  thrown  back  into  barbarism,  and  all 
records  perished,  save  a  few  fragments  of  the  works  of  our  dramatists, 
poets  and  historians  ;^and  that  after  the  lapse  of  some  1500  or  2500 
years  these  should  be  discovered«-and  also  some  relics  of  our  archi- 
tecture, pottery,  and  works  in  the  metals :  Now  we  should  think  the 
vrriters  of  those  days  illiberal  in  the  extreme,  who  should  conclude  that 
we  were  ignorant  of  nearly  all  branches  of  science  and  of  the  arts ;  and 
of  every  machine  which  was  not  particularly  mentioned  or  illustrated  in 
the  former— or  of  which  specimens  were  not  found  among  the  latter. 
And  yet  something  like  this,  has  been  the  treatment  which  the  ancients 
liave  received  at  our  hands. 

It  cannot  however  be  denied,  that  remains  of  their  works  still  extant, 
exhibit  a  degree  of  skill  in  architecture,  sculpture,  metallurgy,  pottery,  en- 
graving, &c.  which  excels  that  of  modem  artists.*  And  as  regards  their 
knowledge  of  hydrodynamics — ^let  it  be  remembered,  that  we  are  in- 
debted to  them  for  canals,  aqueducts,  fountains,  jets  d'eau,  syringes,  for- 
cing pumps,  siphons,  valves,  air  vessels,  cocks,  pipes  of  stone,  earthen- 
w^are,  wood,  of  lead  and  copper :  yet  notwithstanding  all  these,  and  their 
numerous  machines  for  raising  and  transferring  water,  and  the  immense 
quantities  of  tubes  for  conveying  it,  which  are  found  scattered  over  all 
Asia  as  well  as  Italy**  and  Greece,  it  has  been  gravely  asserted,  that  they 
were  ignorant  of  one  of  the  elementary  and  most  obvious  principles  of 


*It  was  remarked  by  tfie  late  Mr.  Wedgewood,  who  was  donbtless  the  most  skilfal 
manafacturer  of  porcelain  in  oar  own  times,  that  the  famous  Bathmrim  Va$e  afforded 
evidence  of  an  art  of  pottery  among  the  ancients  of  which  we  are  as  yet  ignorant 
even  of  the  mdiments.    Edm.  Encyc.  vol.  ti,  203. 

^  The  vast  qoantitiea  of  leaden  pipes  found  at  Pompeii  induced  the  Veapoiitao  g^ 
▼•vmnent  to  sell  them  as  old  metal    Pompeii,  vol.  i,  104. 
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hydrostatics:  viz.  that  by  \vhich  water  in  open  tabes  finds  its  own  level ! 
a  fact,  of  which  it  may  safely  be  asserted,  it  was  impoisMe  for  them  not 
to  have  known — a  fact  with  which  the  Indians  of  Peru  and  Mexico  were 
familiar;  and  one  expressly  mentioned  by  Fliny :  '*  water,  (he  observes) 
always  ascends  of  itself  at  the  delivery  to  the  height  of  the  head  from 
whence  it  gave  receipt — if  it  be  fetched  a  long  way,  the  work  [pipe]  will 
rise  and  fall  many  times,  but  the  level  [of  the  water]  is  still  mamlained." 
Besides  the  testimony  of  Pliny»  fountains  and  jets  d'eau  are  incontro- 
vertible proofs  that  a  knowledge  of  the  fact  is  of  stupendous  antiquity ; 
they  having  been  used  in  the  east  from  immemorial  ages. 

But  the  proof  adduced  to  establish  their  ignorance  in  this  particular,  is 
as  singular  as  the  position  it  is  brought  forward  to  sustain,  since  it  equally 
establishes  our  own  ignorance  of  the  same  principle !  It  has  been  said, 
had  the  ancients  known  that  water  finds  its  level  at  both  extremities  of  a 
crooked  tube,  they  would  have  conveyed  it  through  pipes  to  supply  their 
cities,  instead  of  erecting  those  expensive  aqueducts  which  were  among 
the  wonders  of  the  world,  and  remains  of  which  still  strike  the  be- 
holder with  admiration: — in  reply  to  this  it  need  only  be  observed,  that 
should  any  remains  of  the  Croton  aqueduct,  now  constructing  to  supply 
this  city  (New- York)  with  water,  Im  found  two  thousand  years  hence, 
they  may,  by  the  same  argument^  be  adduced  as  proofs  that  the  present 
engineers  of  the  United  States  were  ignorant  that  water  poured  into  an 
inverted  siphon  would  stand  at  the  same  level  in  both  its  branches. 

The  fact  is,  the  ancients  did  sometimes  convey  water  over  eminences  In 
siphons  of  an  easy  curvature.*  And  aqueducts  were  in  some  few  instan* 
ces  carried  through  valleys  by  inverted  siphons.  In  the  reign  of  Claudius^ 
an  aqueduct  was  formed  to  convey  water  from  Fourvi^res  to  the  highest 
part  of  the  city  of  Lyons.  As  valleys  of  great  depth  were  in  the  line  of 
Its  course,  works  of  an  enormous  expense  would  have  been  required, 
which  might  have  prevented  the  execution  of  the  project ;  consequently, 
instead  of  an  elevated  canal,  leaden  pipes  were  substituted,  forming  an 
inverted  siphon.* 

It  is  uncertain  when  or  by  whom  the  common  atmospheric  pump  was 
invented.  It  is  supposed  to  have  been  known  to  the  old  Egyptians,  and 
to  have  been  used  in  the  ship  in  which  Danaus  and  his  companions  sailed 
to  Greece.*  As  the  antlia  of  the  Greeks,  it  could  not  have  originated 
with  Ctesibius,  to  whom  it  has  sometimes  been  attributed,  since  it  or  some 
other  machine  or  device  is  mentioned  under  that  name,  by  Aristophanes 
and  ether  writers  who  flourished  ages  before  him.^  There  are  other  in- 
dications that  it  was  previously  known,  for  either  it  or  something  very 
like  dt  is  mentioned  under  the  name  of  a  siphon.  This  term  it  is  known 
was  a  generic  one,  being  applied  to  hollow  vessels,  as  funnels,  cullenders, 
pipes;  and  generally  to  instruments  that  either  raised  or  dispersed  water, 
as  syringes,  catheters,  fire-engines,  sprinkling-pots,  &c.*  That  the  ma- 
chine to  which  we  refer  raised  water  by  '  suction,'  is  apparent  from  an- 
cient alUisions  to  it.  According  to  Bockler,  "  the  Platonic  philosophers 
asserted  that  the  soul  should  partake  of  the  joys  of  heaven  as  through  a 
siphon;"  and  by  it  Theophrastus  explained  the  ascent  of  marrow  in 
bones;  and  Columella  the  rise  of  sap  in  trees.  In  these  instances,  it  is 
obvious  that  neither  the  ordinary  siphon  nor  the  syringe  could  be  intended, 
but  the   atmospheric   pump;   a  machine   that  Agricola  described  as  a 


•Fosbroke'i  Encyc.  Antiq.  i,  41.      ^Hvdraalia,  Lon.  1835,  p.  254.      *See  Edin. 

icyc.  Art.  Chronology,  vol.  vi,  263.      *  F-^= ''  ^  -.:-..:*:--  ^t  ^-^ -  ^    r^ 

htary  Affairs.      *  See  Ainaworth's  Diet. 
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fiplion ;  and  one  to  wkich  the  remark  of  Switzer  only  can  apply— ''the  si- 
nhon  was  undoubtedly  the  chief  instrument  known  in  the  first  ages  of  the 
world,  (besides  the  draw-well)  for  the  raisii  g  of  water."* 

Nor  is  there  any  thing  in  the  account  given  by  Vitruvius  of  '  the  Ma- 
chine of  Gtesibius/  which  indicates  that  die  atmospheric  pump  was  not  in 
previous  use.  His  description  is  obviously  that  of  a  Jordng  pump,  (and 
appears  to  have  been  so  understood  by  all  his  translators,)  one  whose 
"working  parts  were  placed  not  above  but  in  the  water  it  was  employed 
to  elevate ;  whose  piston,  was  solid,  and  which  by  means  of  pipjBS  forced 
the  water  (thove  iUelf;  that  raised  the  water  "  very  high ;" — attributes 
which  do  not  belong  to  the  common  pump.  It  is  true  he  has  not  men 
tioned  the  latter,  perhc^  because  it  was  not  then  employed  as  now  in 
civil  engineering,  and  therefore  not  within  the  scope  of  his  design  in  wri- 
ting his  work.  The  manner  in  which  Pliny  speaks  of  it,  shows  that  it 
was-  an  old  device  in  his  time,  since  it  was  one  with  which  even  country- 
people  or  farmers,  (the  last  to  adopt  new  and  foreigo  inventions)  were  ia- 
miliar.  In  his  19th  Book,  'On  Qurdens,'  cieip.  4,  he  observes:  "when  a 
stream  of  water  is  not  at  hand,  the  plants  should  be  watered  from  tanks 
or  wells,  the  water  of  which  may  be  drawn  up  by  plain  poles,  hooks  and 
buckets,  by  swapes  or  cranes,  [windlass]  "or  by  pumps  and  such  like.'' 
And  that  these  were  no  other  than  the  old  wooden  pump  of  our  streets 
and  such  as  our  farmers  use,  is  obvious  from  a  passage  in  his  16th  Book, 
cap.  42,  where  speaking'  of  the  qualities  and  uses  of  different  kinds  of 
wood,  he  remarks,  "  pines,  pitch  trees  and  allars,  are  very  good  to  make 
PUMPS  and  conduit  pipes  to  convey  water;  and  for  these  purposes  their 
wood  is  bored  hollow." 

Although  sufficient  time  may  be  supposed  to  have  elapsed  from  the  age 
of  Ctesibius  to  that  of  Pliny  for  the  introduction  of  the  atmospheric 
pump  to  the  countrymen  of  the  latter,  (supposing  it  to  have  been  invented 
by  the  former)  we  can  hardly  believe,  if  it  were  not  of  more  remote 
origin,  that  it  could  even  in  that  time  have  found  its  way  into  Roman 
farm-yards  and  gardens ;  much  less  that  it  should  have  superseded,  (as  it 
appears  to  have  done)  every  other  device  on  board  of  their  ships.  New 
and  foreign  inventions  were  neither  circulated  so  easily  nor  adopted  so 
readily  in  ancient  as  in  modern  days ;  and  even  now  a  long  time  would 
elapse  before  inventions  of  this  kind  would  find  their  way  through  the 
world  and  longer  before  they  became' generally  adopted.  But  had  the 
pumps  of  which  Pliny  speaks  been  of  recent  introduction,  he  would  cer- 
tainly have  said  so ;  and  had  they  been  the  '  water  forcers'  of  Ctesibius, 
to  which  he  alludes  in  his  7th  Book,  he  could  scarcely  have  avoided  re- 
cording the  fact 

That  the  antlia  was  the  atmospheric  pump  would  also  appear  from  its 
employment  in  ships.  There  is  no  reason  to  suppose  that  more  than  three 
kinds  of  marine  pumps  were  ever  in  use-*— the  chain -pump,  the  screw,  and 
the  common  pump.  In  the  chapter  on  the  former  we  have  shown  that  it 
was  not  known  or  used  by  the  Greeks  and  Romans.  The  screw  was  first 
adopted  as  a  ship  pump  by  Archimedes,  (see  page  133)  and  }ience  it 
would  seem  that  the  last  only  could  be  intended  by  more  ancient  as  well 
«s  subsequent  authors  when  speaking  of  the  antlia :  that  it  was  so,  anti- 
quarians generally  admit.  **  The  well,  (says  Fosbroke  in  his  article  on  the 
vessels  of  the  classical  ancients)  was  emptied  by  the  winding  screw  of 
Archimedes  now  in  use  ;  but  in  other  ships  by  the  antlia  or  pump."  It  is 
of  the  latter  that  Pollux  speaks,  and  to  it  Tacitus  refers  when  mention'ng 

•HydroeUtics,  294. 
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the  i^reck  of  some  vessels  in  which  Q^rmanicus  and  his  legions  sailed 
down  the  Amisia  into  the  German  ocean:  "the  billows  broke  over  them 
with  such  violence,  that  all  the  pumps  at  work  could  not  discharge  the 
water."     [B.  ii,  23.     Murphy's  Translation.] 

Martial,  the  Roman  poet,  speaks  of  the  antlia  as  a  machine  '  to  draw  up 
water ;'  according  to  Ainsworth,  'a  pump.'  Rircher  figures  and  describes 
the  old  wooden  pump  as  the  antlia.     [Mundus  Subterraneus,  torn,  ii,  196.] 

The  Romans  appear  to  have  employed  it  exclusively  or  nearly  so  in 
their  navy ;  and  even  in  that  of  the  Greeks  it  is  not  probable  diat  the 
screw  was  extensively  adopted,  on  account  of  its  not  being  so  well  adap- 
ted for  ships  as  the  other.  Of  this  the  former  people  seem  to  have  been 
convinced ;  they  preferred  the  pump  and  all  modem  nations  have  con 
firmed  their  judgment  Had  they  used  the  screw  to  any  extent  it 
would  have  been  continued  in  European  vessels  after  the  fall  of  the  Em- 
pire, when  most  of  their  arts  and  customs  were  natui*ally  and  necessarily 
continued — ^their  ship  pumps  as  well  as  their  ships.  But  as  the  atmos- 
pheric pump  only  has  so  come  down,  we  infer  that  the  machine  now  com- 
monly used  to  discharge  water  from  the  holds  of  our  vessels  is  identical, 
or  nearly  so,  with  that  employed  by  Roman  sailors  of  old. 

The  oldest  modification  of  the  ship  pump  appears  to  have  been  that 
formerly  known  as  the  '  bilge'  or  '  burr'  pump ;  and  it  was  the  simplest, 
for  it  had  but  one  distinct  valve,  viz.  '  the  lower  box,'  as  the  one  which 
letains  the  water  in  a  pump  is  sometimes  named.  This  pump  kept  its 
place  in  ships  till  the  last  century,  and  may  yet  occasionally  be  met  with 
m  those  of  Europe.  It  was  often  worked  without  a  lever,  but  its  pecu- 
liarity consisted  principally  in  the  construction  of  the  piston  or  sucker.* 
It  differed  from  the  ordinary  pump  "in  that  it  hath  a  staff,  six,  seven  or 
eight  foot  long,  with  a  bur  of  wood  whereunto  the  leather  is  nailed,  and 
this  serves  instead  of  a  box ;  so  two  men  standing  over  the  pump,  thrust 
down  this  staff,  to  the  middle  whereof  is  fastened  a  rope  for  six,  eight  or 
ten  to  hale  by,  and  so  they  pull  it  up  and  down."  This  account  publishe<f 
nearly  200  years  ago,  might  be  sufficiently  descriptive  (then,  when  the 
pump  was  in  common  use,  but  few  persons  could  now  realize  from  it  a 
correct  idea  of  the  substitute  for  the  ordinary  sucker.  It  is  however  ra- 
ther more  explanatory  than  the  accounts  given  in  later  works.  In  some  it 
has  been  described  as  "a  long  staff  with  a  burr  at  the  end  to  pump  up  the 
bilge  water."  Here  the  burr  only  is  mentioned,  not  the  leather,  and  the 
idea  imparted  is  that  of  a  solid  piston,  such  as  are  used  in  forcing  pumps. 

The  sucker  of  the  bilge  pump  consists  of  a  hollow  cone  or  truncated  cone 
of  strong  leather,  the  base  being  equal  in  diameter  to  that  of  the  pump 
chamber  or  cylinder.  It  is  inverted  and  nailed  to  the  lower  end  of  the 
rod.  The  lower  edge  of  the  leather  resting  against  the  burr.  When 
thrust  down  it  collapses  and  permits  the  water  to  pass  between  it  and  the 
sides  of  the  chamber,  and  when  its  motion  is  reversed,  the  weight  of  the 
liquid  column  above  it,  presses  it  out  again.  To  prevent  the  cone  from 
sagging,  three  strips  of  leather  are  se  ^ed  to  its  upper  part  at  equal  dis- 
tances from  each  other,  and  their  other  ends  nailed  to  the  rod.  (See 
No.  85.)  The  action  of  this  sucker  is  something  like  moving  a  parasol 
up  and  down  in  water ;  the  sides  close  as  the  rod  descends  ana  open  ' 
when  it  rises.  It  is  the  simplest  modification  of  the  sucker  known  and 
probably  the  most  ancient.  It  is  figured  by  Agricola,  {vide  C  in  No.  88)  but 

*  This  part  of  an  atmospheric  pomp  is  sometimes  named  the  sucker,  the  bucket,  the 
npper  box,  the  piston : — we  shaii  generally  use  the  first  when  speaking  of  the  Btmo« 
spheric  pump ;  and  tae  last  whet  referring  to  forcing  pumps. 
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ta  not  mentioned  by  Belidor,  Switser,  Desoi^lien  or  HacKette;  norhu  it 
been  noticed  by  reore  recent  writers,  with  tbe  exceplion  of  Mr.  Milling'* 
ton"  and  perhaps  one  or  two  others.     It  ha»  long  been  known  in  some 

girts  of  the  IJntted  UtaieS.  We  noticed  it  twenty  years  a.go  nt  New 
ochelle,  Westchester  county,  in  this  state,  (New- York)  and  were  in- 
formed by  a  pump  maker  there,  that  they  "always  had  it."  It  is  not 
however  univerMlly  known,  for  in  1831  a  patent  was  taken  out  for  it.** 

There  is  another  application  of  the 
burr  pump  in  ships  that  is  probably 
due  to  old  navigators.  We  allude  to 
the  use  of  those  portable  instruments 
which,  says  an  old  author,  "are  made 
of  reed,  cane,  or  laten,  [brass]  thutsea- 

IV  men  put  down  into  their  casks  to  pump 

up  the  drink,  for  they  use  no  spick- 
eta."  No.  85  represents  one,  with  a 
separate  view  of  the  sucker,  from  an 
illustrated  edition  of  Virgil,  of  the  16th 
century.  They  appear  to-  be  of  con 
sider^le  antiquity  and  were  perhaps 
used  for  the  same  purpose  by  the  an- 
cient sailors  of  Tyre  and  Carthage, 
Greece  and  Rome.  No.  86  is  a  figure 
of  the  common  liquor  pump,  derived 
from  the  former.  It  is  from  UArt  dm 
DittUlalfur,  in  '  DeicriplioHM  det  Art*  et 
Mitiert;  folio,  Paris,  1761.  The  se- 
parate section  of  the  lower  part  shows 
the  'boxes'  to  have  been  similar  to 
those  now  often  used.  Another  sucker 
;  a  boy's  marble,  or  a  smalt  ball  of  metal 

^  ^ .J  ifice,  instead  of  a  clack.     It  was  at  that 

time  made  both  of  tin  plate  and  of*  copper  as  at  presenL     One  of  these 

f'umps  is  mentioned  by  Conrad  Qesner,  as  constituting  part  of  a  portable 
talian  distillery,  in  the  former  part  of  the  16th  century,  at  which   period 
it  seems  to  have  been  common.     See  a  reference  to  it,  page  216. 
Ship  pumps  seem  to  have  been  made  of  bored  wooden  logs 


is  figured  with  a  spherical  valve 
being  placed  loosely  o 


days   of  the  elder  Pliny,  and  probably 
mans  long  before   his  time.      We   learn   ti 
wrightt,  I.  e.  by  a  certain  class  of  them, 
person  knows   that   wooden   pumps   are  o 
any   other;   this  has  always  been  the  cas« 
rence  is  made  in  the  I'elations  of  early 
bus,"  Vasco  de  Gama  and  Magalhanes, 
no  other  kind  appears  to  have   been   u 
mportance  of  eflit 


may  reasonably  be  i 

the  slightest  intlmat 
Spanish,  Portogues* 
mon ;  as  much  so  i 


by  both  Greeks  and  Ro- 
they  were  made  by  thip- 
hx  the  present  day,  every 
er  to  be  found  in  ships  than 
se.  It  is  to  them  only  that  refe- 
lyages.  The  vesseb  of  Colum- 
■s,  were  furnished  with  them;  indeed 
used  by  old  European  'navigatora. 
achines  to  raise  water  from  shtpt,  it 
any  nation  had  ptsM-seion  of  a  supe- 
idopted  by  the  rest ;  but  there  is  not 
n  of  any  difference  between  them.  The  pump  in 
English  and  French  vessels,  is  spoken  of  as  com- 
the  anchor  or  rudder:   thus — when  the    Vltoria  on« 


led  that 


■EpitooM  of  PbikMophv,  Lon.  1893.  p.  199.  'Journal  of  th«  Franklin  loMi 
MBM,  vnt.  ii.  SK.  *  L^u^ner's  Art*  of  the  Greeks  aad  Romanj,  vol.  i,  360.  'Ir 
(rim's  Colnmbiu,  vol.  ii,  U7. 
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of  Maeallianes'  fleet,  put  into  St.  Jago  on  her  return  in  1522,  a  boat  waf 
sent  ashore  for  provisions,  and  "some  negroes  to  assist  in  working  tk£ 
fmmpif  many  ot  the  ship's  company  being  sick,  and  the  leaks  having  in- 
creased/'* In  the  account  of  Probisher's  third  voyage  in  search  of  a 
north-west  passage  in  1578,  the  Arnne  FVancU  having  run  on  a  sunken 
rock,  "they  had  above  two  thousand  strokes  together  at  the  jmmpe  be 
fore  they  could  make  their  shippe  free  of  the  water,  so  tore  she  was 
brused."^  In  the  voyage  of  some  English  vessels  to  the  north  the  fol* 
lowing  year,  one  was  nearly  lost;  "by  mischance  the  shippe  was  bilged 
on  the  frapnell  of  the  Pavos,  [anodier  vessel]  whereby  the  company 
[owners]  had  sustained  great  losses,  if  the  chiefest  part  of  their  goods 
had  not  been  layde  into  the  Pavos :  for  notwithstanding  their  pumping 
with  tJiree  pumpcM^  heaving  out  water  with  buckets  and  all  the  best  shifts 
they  could  make,  the  shippe  was  halfe  full  of  water  ere  the  leake  could 
be  found  and  stopt."*  In  November  1599,  two  large  Portuguese  ships 
arrived  at  Terceira  in  distress,  having  been  separated  in  a  storm,  during 
which  they  "were  forced  to  use  aU  their  pumped'*  to  keep  afloat.'  Ta- 
vemier  sailed  in  1652,  from  the  Persian  Gulf  to  Maslipatan  in  a  large 
ship  belonging  to  the  king  of  Golconda; — a  storm  arose  and  became  so 
violent  that  the  water  "  rowl'd  in  from  stem  to  stern,  and  the  mischief 
was  that  cut  pumpCM  were  nought."  Fortunately  several  bales  of  leather 
were  on  board,  of  which  they  made  bags  or  buckets,  "which  being  let 
down  from  the  masts  with  pulleys  through  certain  great  holes  which  were 
cut  in  the  deck,  drew  up  a  vast  quantity  of  water."* 

Wooden  pumps,  with  and  without  metallic  cylinders  and  boxes,  are  still 
common  in  European  and  American  ships  of  war.  The  latter  with  few 
exceptions  have  no  other.  A  description  of  those  on  board  the  North  Ca- 
rolina, a  ship  of  the  line,  may  possibly  interest  some  readers.  This  ves- 
sel has  six.  They  are  large  trees  bored  out  and  lined  with  lead.  They 
reach  from  the  surface  of  the  main  gun  deck  to  the  well,  a  distance  of 
twenty-three  feet.  A  brass  cylinder,  2  feet  9  inches  long  and  9  inch& 
bore,  in  which  the  piston  works,  is  let  into  the  upper  part  of  each; 
The  piston  rods  (of  iron)  pass  througlf  the  centre  ot  a  guide  piece,  se- 
cured over  every  pump,  and  are  thus  kept  from  deviating  from  a  perpen- 
dicular position.  They  are  connected  to  the  levers  by  slings  as  in  the 
common  brass  lifting  pump  and  some  others.  The  levers  are  double,  and 
shaped  like  those  of  4ire-engines,  staves  of  wood  being  slipped  through 
the  rings  whenever  the  pumps  are  worked.  Each  lever  works  two  pumps; 
and  the  length  of  stroke,  or  the  distance  through  which  the  pistona  move 
in  the  cylinders,  is  14  inches.  ,  The  pistons  or  upper  boxes  are  of  brass 
with  butterfly  valves;  the  band  of  leather  round  each  is  secured  by 
•crews,  (in  plaae  of  nails  in  the  wooden  box.) 

'  Necessity  is  the  mother  of  invention :'  the  truth  of  this  proverb  is  often 
illustrated  by  seamen,  especially  as  regards  the  raising  of  water.  Nu- 
merous are  the  instances  in  which  they  have  relieved  themselves  from 
situations  so  alarming  as  to  paralyze  the  inventive  faculties  of  most 
other  men;  either  by  devices  to  work  the  ordinary  pumps  when 
their  strength  was  exhausted,  or  in  producing  substitutes  for  them  when 
worn  out.  A  singular  example  of  the  latter  is  mentioned  by  Dampier, 
which  may  be  of  service  to  sailors.  It  is  attributed  to  a  people  who  are 
not  remarkable  for  their  contributions  to  the  useful  arts,  and  on  that  account 


•  Barney '■  Voyages,  vol.  i,  112.  ^  Hsokhi/t*!  Collection  of  Voyageii,  &«.  Loa 
1598.  black  letter,  vol.  iii,  88.  <  Ibid,  vol.  i,  421.  '  Astley's  CoUecuon  of  Voyiges 
Lon.  1746,  vbl.  i,  227.      •  Tra?eb  in  India,  Lon.  1978,  p.  90. 
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it  would  hardly  be  just  to  omit  it.  In  the  course  of  Dampier's  vovaffo 
round  the  world,  while  sailing  (in  1687)  along  the  west  side  of  Mmoa- 
nao,  one  of  the  Philippine  Islands,  he  concluded  to  send  the  carpenters 
ashore  to  cut  down  some  trees  for  a  bowsprit  and  topmast.  "  And  our 
pumps  being  faulty  and  not  serviceaUe,  they  did  cut  a  tree  to  make  a 
pump.  They  first  squared  it,  then  sawed  it  in  the  middle,  and  then  hol- 
lowed each  side  exactly.  The  two  hollow  sides  were  made  big  enough 
to  contain  a  pump-box  in  the  midst  of  them  both,  when  they  were  joined 
together ;  and  it  required  their  utmost  skill  to  close  them  exactly  to  the 
making  a  tight  cylinder  for  the  pump-box,  being  unaccustomed  to  such 
work.  We  learned  this  way  of  pump-making  from  the  Spaniards^  who 
make  their  pumps  that  they  use  in  their  ships  in  the  South  Seas  after  this 
manner ;  and  I  am  confident  that  there  are  no  better  hand-pumps  in  the 
world  than  they  have."  (Dampier's  Voyages,  vol.  i,  443.)  In  the  ab- 
sence of  tools  to  bore  logs  the  device  is  an  excellent  one,  and  in  some 
particulars  such  a  pump  would  be  superior  to  the  common  one.  It  is 
not  so  readily  made  as  one  of  planks,  but  it  is  more  durable. 

Various  ingenious  modes  of  working  their  pumps  have  been  devised 
by  seamen  and  others ;  the  power  of  the  men  has  been  applied  as  in  the 
act  of  rowing — ^this  plan  by  far  the  most  efficient  is  adopted  in  the  French 
navy.  A  rope  crossed  over  a  pulley  and  continued  in  opposite  directions 
on  a  ship's  deck,  so  that  any  number  of  men  may  be  employed  at  the 
same  time,  has  been  extensively  used  in  pumps  with  double  suckers,  as 
shown  at  No.  92.  Ropes  passed  through  blocks  and  connected  to  the 
brake  of  the  common  pump  have  also  been  worked  in  a  similar  way. 
Captain  Leslie,  in  a  voyage  from  Stockholm  to  this  country,  adopted  the 
following  plan,  which  in  a  heavy  gale,  may  be  very  efficient :  '  He  fixed 
a  spar  aloit,  one  end  of  which  was  ten  or  twelve  feet  above  the  top  of  his 
pumps,  and  the  other  projected  over  the  stem :  to  each  end  he  fixed  a 
block  or  pulley.  He  then  fastened  a  rope  to  the  pump  rods,  and  afler 
ptassing  it  through  both  pulleys  along  the  spar,  dropped  it  into  the  sea 
astern.  To  the  rope  he  fastened.a  cask  of  110  gallons  measurement  and 
containing  about  60  gallons  of  water.  This  cask  answered  as  a  balance 
weight,  and  every  motion  of  the  ship  from  the  roll  of  the  sea  made  the 
machinery  work.  When  the  stern  descended,  or  when  a  sea  or  any  a^ 
tation  of  the  water  raised  the  cask,  the  pump  rods  descended  ;  and  the 
contrary  motion  of  the  ship  raised  the  rods,  when  the  water  flowed  out 
The  ship  was  cleared  out  in  four  hours,  and  the  exhausted  crew  were 
of  course   greatly  relieved.* 

A  ship  pump  made  of  such  boards  or  plank,  as  are  commonly  found  on 
board  oi  large  vessels,  was  devised  by  Mr.  Perkins,  for  which  he  received 
a  gold  medal  from  the  London  Society  of  Arts.  It  is  figured  and  described 
in  the  38th  volume  of  the  Society's  Transactions. 

The  facility  with  which  woodeii  pumps  are  made  and  repaired,  the 
cheapness  of  their  material,  the  little  amount  of  friction  from  pistons 
working  in  them,  and  their  general  durability,  have  always  rendered  them 
more  popular  than  others.  Like  many  of  our  ordinary  machines,  they 
aeem  to  have  been  silently  borne  down  the  stream  of  past  ages  to  the 
15th  and  16th  centuries,  when,  by  means  of  the  printing  press,  they  first 
emerge  into  notice  in  modern  times.  The  earliest  representation  of  one 
we  have  met  with  in  print  is  in  the  German  translation  of  Vegetius,  on  the 
same  page  with  No.  82,  the  bellows  pump :  No.  87,  on  next  page,  is  a  copy. 
It  is  square,  made  of  plank  and  apparently  designed  to  drain  a  pond  or 
marsh.  The  piston  or  sucker,  which  is  separately  represented,  is  cylin- 
dTtcai  and  was  perhaps  intended  to  show  a  variation  in  the  consti  action 

^8 
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of  that  iastrunieiit.  It  hu  no  valve  or 
clack,  but  Appears  to  be  a  modil  cation  of 
the  one  used  in  the  old  bilge  puii^,  wliich 
was  sometimes  compared  to  a  'guoner's 
»ponge.' 

There  are  numerous  prooft  in  old  au- 
thors, that  pumps  were  common  in  urtlit  ia 
the  15lh  century,  since  the^  are  mentioned 
in  the  earl^  ymrt  of  the  following  one,  aa 
things  in  ordinary.  In  1546,  they  were 
used  to  some  extent  in  those  of  London, 
In  the  'Practice  of  the  New  and  old  Phi- 
aicke,*  by  Conrad  Gesner,  (who  died  in 
1565]  translated  by  George  Baker,  'one  of 
the  Queene's  majesties  chiefe  chirurgians  in 
ordinary,'  and  dedicated  to  Elizabeth,  (Loo. 
black  letter,  1599,)  is  a  description  of  ■ 
Florentine  disUlUng  apparatus,  to  whiph  a 
No. ST.   A.D.  ISiL  portable  pump  was  attached;  the   latter  ia 

deacribeu  as  "an  instrument  which  is  so 
formed  that  the  water  by  sucking  ia  forced  to  rise  up  and  run  forth,  as  the 
like  practice  is  ofteK  tued  mpiu  ofvxUer  or  tcelle*."  Folio  21J5.  The  cele- 
brated malhematician,  necromancer,  and  alchymist.  Dr.  John  Dee,  wbo 
was  frequently  consulted  by  (jueen  Elizabeth,  had  a  pump  in  the  well  be- 
longing- to  his  house.  In  Beroald's  commentary  on  the  41th  proposition  of 
Besson,  (the  chain  of  pots)  he  observes  that  it  "openi  sans  intermission  en 
Urant  I'eau  de  tout  putts  facilement  *ant  pompet."'  Sarpi,  who  first  dis- 
covered the  valves  of  the  veins,  compared  them  to  those  of  a  pump, 
'opening  to  let  the  blood  pass,  but  shntting  to  prevent  its  return.' 

But  pumps  had  not  wholly,  in  the  16th  century,  superseded  the  old 
mode  of  raising  water  with  buckets  in  European  cities.  At  that  time  a 
great  portion  of  the  wells  were  open^— of  this,  numberless  intimations 
might  be  found.  Thus  in  Italy,  the  poet  Aurelli,  who  was  made  gover- 
nor of  a  city  by  Leo  X.  was  murdered  by  the  inhabitants  on  account  of  his 
tyranny,  and  his  body  with  that  of  his  mule  thrown  into  a  well.  In  Lon- 
don, it  was  not  till  the  latt«r  part  of  the  following  century  that  the  chain 
and  pulley  disappeared.  This  is  evident  from  the  following  enactment  of 
the  common  council  of  that  city  the  year  after  the  great  Rre.  (1667)  "And 
£>r  the  effectual  supplying  the  engines  and  squirts  with  water,  pumps  are 
to  be  placed  in  all  wella:"^ — a  proof  that  many  were  open  and  the  water 
raised  in  buckets. 

Pumps  are  also  described  in  old  works  on  husbandry,  gardening,  Sec 
from  which  it  appears  that  they  were  often  used  to  raise  water  for  irriga- 
tion. In  the  'Systema  Agricultuns,  being  the  mystery  of  Husbandry 
discovered  and  laid  open,'  Lon.  1675,  directions  are  given  respecting  va- 
rious modes  of  making  and  working  them;  and  it  is  particularly  di- 
rected that  the  rods  be  made  of  such  a  length  as  to  permit  the  suckers  or 
'  upper  boxes'  to  descend  at  every  stroke  below  the  surface  of  the  water 
in  the  well ;  this  it  is  observed,  'saves  much  trouble.'  The  same  remark 
accompanies  an  account  of  windmills  for  watering  land  [pumps  driven 
by  them]  in  the  old  'Dictionarum  Rusticum.' 

In  the  mines  of  Hungary  pumps  were  early  introduced,  but  at  whv 
perioif  is  nnceriain.     It  is  not  improbable  that  thoae  described  by  Agti- 

•Thestrsdeiliuuiunaiu.  1579.       •Hsilltuid's  History  of  Lendoa,  p.  397. 
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coIk,  wer«  (imUar  to  such  u  were  used  in  snme  of  the  aaiae  mineiby  thv 
ancientB,  And  have  alwayi  foinied  put  of 
the  machinery  for  discharging  water  from 
them  since  the  fall  of  the  Roman  empire. 
All  that  are  figured  in  ihe  De  Re  Met&llica, 
are  extremely  simple,  and  with  one  excep- 
tion are  Btmoipheric  or  sucking  pumps. 
They  are  all  of  bored  logs.  Some  are  am- 
gte  pumps,  and  are  worked  by  men  with 
levers,  cranks,  aud  also  by  a  hind  of  pendu* 
lum.  Others  are  double,  triple,  &c.,  and 
worked  by  water  wheels.  Of  the  last  some 
are  arranged  in  rows,  and  tho  piston  roda 
raised  by  cams  as  in  a  stamping  milt;  tb« 
weight  of  the  rods  carrying  them  down. 
Others  are  placed  in  tiers  one  above  ano- 
ther; the  lowest  one  raises  the  water  from 
the  bottom  of.the  shaft  or  well,  and  dis- 
charges it  into  a  reservoir  at  its  upper  end: 
into  this  reservoir  the  next  pump  is  placed, 

to  the  top.  A  pump  of  this  kind  from  Ag- 
ricolo,  has  been  often  republished.  It  was 
copied  by  Bockler  and  others.  A  figure  of 
it  IS  inserted  in  Qregory's  Mechanics,  Js- 
mieson's  Dictionary,  &c. 

We  have  selected  No.  88,  as  a  specimen 

of  a  single  pump,  and  of  upper  and  lower 

Doxea.  A,  A,  represent  two  of  the  latter ;  the  upper  part  of  one  is  tapered  to 

fit  it  into  the  lower  .end  of  the  pump  log  as  is  yet  sometimes  done.  D,  B,  an 

upper  box,  of  a  kind  oocaaionally  used  at  the  present  time.   The  valve  or 

elack  is  a  disk  laid  loosely  over 

the  apertures,  and  is  kept  in  ita 

place  by  the  rod,  which  passea 

through  its  centre  and  admits  it 

to  rise  and  fall.    C,  the  conical 

■ucker  referred  to,  p.  214. 

The   annexed    figure   of  & 

double  pump  is  from  Fludd'i 

works.   .   It   appears   to    have 

sketched  by  him  while  k 


Oer 


ictual 


tion  of  the  figure, 
application  of  cranks 


e  presented  aa 
worked  by  a  water  wheel, 
that,  by  means  of  cog  wheels 
transmitted  motion  to  the  bori- 
sontal  shall;  the  cams  on  which 
alternately  depressed  one  end 
of  the  levers  to  which  the  pump 
rods  were  attached,  and  thus 
raised  the  latter.  They  de- 
acended  by  their  own  weight, 
I  an  inspeo- 
o  show  tks 
ms  bimI  W 


aa  will  appear  iror 
I  separate  view  of  a  rod  is  it>tended 
the   horizontal  shafl,   in  place  of  ce 
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Teni.  The  lowe?  ends  of  the  pumps  are  insert^  in  baskets  which  act  ai 
strainers.  A  double  series  of  pumps,  (one  over  the  other)  as  employed 
in  a  mine  at  Markirch  in  Germany,  is  also  figured  by  Fludd.  It  is  inte- 
resting on  account  of  the  mode  of  communicating  motion  to  the  rods.  A 
crank  on  the  axle  of  a  water  wheel  imparts  motion  to  a  walking  beam,  as 
in  a  steam  engine ;  (in  the  latter  the  operation  is  reversed)  and  the  pump 
rods  are  attached  to  both  ends  of  the  beam.* 

The  idea  may  probably  occur  to  the  general  reader,  that  the  mechani 
cal  talent  and  enterprise  of  the  preceding  and  present  century,  which 
have  produced  so  many  original  machines  and  scarcely  left  an  ancient 
device  unimproved,  must  have  imparted  to  the  old  atmospheric  pump  new 
features,  and  made  it  capable  of  increased  results.  It  is  true  that  few  de- 
vices have  occupied  a  greater  share  of  attention,  and  on  none  have  more  ef- 
forts to  improve  them  been  bestowed;  but  how  far  these  have  been  suc- 
cessful may  be  inferred  from  the  fact— -that  notwithstanding  the  endless 
variety  of  forms  into  which  its  working  parts  have  been  changed,  and 
the  great  number  of  alledged  improvements  in  suckers,  pistons,  valves,  &c. 
the  machine  as  made  by  the  ancients,  still  generally  prevails;  so  that 
were  some  of  their  pump  makers  to  reappear,  and  visit  their  fellow  crafts- 
men throughout  the  world,  they  would  find  little  difficulty  in  resuming 
their  occupation. 

The  pump,  although  a  simple  instrument,  is  confined  chiefly  to  civilized 
states,  while  the  extent  to  which  it  is  employed,  indicates  pretty  correctly 
the  degree  of  refinement  attained  by  the  people  who  possess  it.  Whether 
it  was  known  to  the  Egyptians  under  the  Fharaohs  or  not,  may  be  a 
question ;  but  when  Egypt  under  the  Greeks  realized  a  partial  revival  of 
her  former  glory,  the  forcing  pump  we  know  made  its  appearance  there; 
and  under  the  second  Ptolemy,  when  that  country  was  a  school  for  the 
rest  of  the  world,  its  most  valuable  modifications  were  known.  In  suc- 
ceeding ages,  the  atmospheric  pump  has  been  a  regular  attendant  on  the 
revival  of  learning  and  of  the  arts.  Wherever  these  have  made  the  moat 
progress,  t^tere  *he  pump  is  mostly  used.  In  Germany,  France,  Holland, 
Great  Britain,  and  the  United  States,  it  is  most  extensively  employed.  In 
Spain,  Portugal,  Mexico  and  South  America,  but  partially  so.  In  Turkey , 
Egypt,  Gre'^ce,  &c.  still  less ;  while  in  Asia  and  Africa,  generally,  it  is  un- 
known.** Egypt,  even  under  the  auspices  of  Mohammed  Ali,  is  not  yet  pre- 
?are  to  receive  it  again.  Its  history  in  any  country  is  that  of  the  people. 
*ake  Ftissia  for  an  example  :  of  the  devices  for  raising  water  there,  we 
are  informed  the  inhabitants  use  the  swape,  a  rope  passing  over  a  pulley , 
(Nos  13  and  14)  a  drum  on  which  a  rope  is  wound,  (No.  23)  horizonuil 
and  vertical  wheels,  and  lastly  pumps;  these  last  it  is  said,  were  formerly 
very  rare,  but  are  now  become  common,^  Just,  so  of  the  people,  they  were 
formerly  very  rude  and  ignorant,  but  are  now  becoming  enlightened. 

■Do  Nataiv  Stmia  s«u  Teehnica  macrocosmi  historia,  pp.  453,  455. 
^  As  refards  a  knowledge  of  the  pump  in  China,  see  remarks  on  Chinese  bellows,  in 
the  nezi  Book. 
•l^yell's  Character  of  the  Roasians,  and  a  detailed  history  of  Moscow.  Lon.  1€88»  p.  tt 
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CHAPTEU     VII. 

Meullie  pump*— Of  more  ezt«ndad  iq>plie«tioo  thui  thoM  of  wood*  DeMription  of  one— DerioM  to 
prevent  water  ia  them  from  freesing — ^WolU  beinf  ckieed,  do  olMtaele  in  raiMBf  water  from  them— Ap 
plication  of  the  atmospheric  pump  to  draw  water  from  great  dbtancea  as  well  aa  depth— ^iofular  oir< 
eumstaoce  attending  the  trial  of  a  Spanish  pump  in  Seville—- Excitement  produced  by  it — ^Water  rained 
to  great  elovationa  by  auaoepheric  jgrcMare  when  mixed  with  air — ^Deceptions  practised  Ota  this  prin- 
oiple— Device  to  raise  water  fifty  feet  by  atmospheric  pressuro— Modifications  of  the  pump  ianunMrablo 
^^uraps  with  two  pistons— French  marine  pump— Curv^  pump— Muschenbroeck's  pump— CentriAigal 
pump— West's  pump-^orge^  improvement— Original  centrilbgal  pump— >Ancieni  buckets  figured  in  thin 
•bapter. 

That  the  public  hydraulic  machinery  of  the  Romans  was  of  the  most 
durable  materials  sulHciently  appears  from  Vitruvius.  The  chain  of  pots 
described  by  him  was,  contrary  to  the  practice  in  Asia  and  E^pt,  wholly 
of  metal — ^tne  chain  was  of  iron  and  the  buckets  of  brass.  The  pumps 
of  Ctesibius  that  were  employed  in  raising  water  to  supply  some  of  the 
public  fountains,  he  informs  us,  were  also  of  brass  and  the  pipes  of  cop- 
per or  lead.  Some  of  the  oldest  pumps  extant  in  Europe  are  formed  al- 
together of  the  latter.  Leaden  pumps  were  very  common  in  the  I6th 
century.  They  are  mentioned  by  old  physicians  among  the  causes  of  cer- 
tain diseases  in  families  that  drank  water  out  of  them.  The  pump  of  tho 
celebrated  alchvmist,  Dee,  alluded  to  in  the  last  chapter,  was  a  leaden 
one ;  and  which  he  expected  to  be  able  to  transmute  mto  gold,  by  means 
of  the  elixir  or  the  philosopher's  stone,  which  he  spent  his  life  and  fortune 
:n  seeking.  In  the  vicinity  of  some  English  lead  mines  such  pumps  have 
for  many  centuries  been  in  use.  The  Italian  pump  that  led  to  the  disco- 
very of  atmospheric  pressure  was  also  a  metallic  one. 

The  introduction  of  metals  in  the  construction  of  pumps  greatly  ex- 
tended their  application  and  usefulness,  for  they  were  then  no  longer  re- 
quired to  be  placed  directly  over  the  liquids  they  raised.  Those  of  wood 
were  necessarily  placed  within  the  wells  out  of  which  they  pumped 
water;  but  when  the  working  cylinder  and  pipes  were  of  copper  or 
lead,  the  former  might  be  in  the  interior  of  a  building,  while  the  reservoir 
or  well  from  whence  it  drew  water,  was  at  a  distance  outside ;  the 
pipes  forming  an  air-tight  communication  between  them  under  the  surface 
of  the  ground. 

The  following  figure,  (No.  90)  represents  a  common  metallic  suckinff 
pump ;  the  cylinder  of  cast-iron  or  copper,  and  the  pipes  of  lead.  It 
will  serve  to  explain  the  operation  of  such  machines  in  detail,  and  to 
show  the  extent  of  their  application.  When  this  pump  is  first  used,  water 
is  poured  into  the  cylinder  to  moisten  the  leather  round  the  sucker,  and 
the  pieces  which  form  the  clacks  or  vuves ;  it  also  prevents  air  from  pas- 
sing down  between  the  sucker  and  the  sides  of  the  cylinder  when  the 
former  is  raised.  Now  the  atmosphere  rests  equally  on  both  orifices  of 
the  pipe,  the  open  one  in  the  well,  and  the  other  covered  by  a  valve  at 
the  bottom  of  the  cylinder :  in  other  words,  it  presses  equally  on  the 
•water  in  the  cylinder  and  in  the  well  which  covers  both  ;•  but  when  by 

-^ — I  —  ■    nil     ■!■■!  -  T- -  -ir         -  I  __■■■■  I 

*Not  absolutely  so,  or  in  a  strict  philosophical  sense,  but  the  diflference  is  so  slight  in 
■n  altitude  of  25  or  28  feet,  (the  ordinary  limits)  as  to  be  inappreciable  in  a  practicdl 
point  of  view. 
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die  depreuinn  of  the  bandle  or  lover,  the  sucker  is  raised,  this  equality  it 
destroyed,  for  the  atmospheric  column  over  the  cylinder,  and  consequeDtly 
over  the  valve  0  is  lifted  up,  and 
sustained  by  the  sucker  alone;  it 
therefore  no  longer  presses  on  the 
upper  orifice,  while  its  action  on  the 
lower  one  remains  undiminished. 
Then  as  the  extem&l  air  cannot  en- 
ter the  pipe  to  restore  the  equili- 
brium except  through  its  orilice  im- 
mersed in  the  well ;  in  its  efibrts  to 
do  so,  (if  the  expression  is  allowB- 
blet  't  necessarily  drives  the  water 
before  it  on  every  ascent  of  the 
■ucker,  until  the  air  previously  con- 
tained in  the  pipe  is  expelled,  and 
both  pipe  and  cylinder  become  filled 
with  water. 

The  subsequent  operation  is  ob- 
vious. "When  the  sucker  descends, 
the  clack  on  its  upper  surface  is  rai- 
sed by  the  resistance  of  the  water 
through  which  it  passes  ;  and  when 
at  the  bottom  of  the  cylinder,  tliis 
clack  closes  by  its  own  weight:  so 
that  when  the  sucker  is  again  eleva- 
NnSO.  Comaea  ikuok  Pup.  ted,  besides  overcoming  the  resis- 

tance of  the  atmosphere,  it  carries 
up  all  the  water  above  it,  and  which  it  discharges  at  the  spout — at  the 
same  time  the  atmosphere  resting  undisturbed  on  the  water  in  the  well, 
pushes  up  a  fresh  portion  into  the  vacuity  formed  in  the  cylinder,  and  the 
valve  O  prevents  its  return. 

Tne  horizontal  distance  between  the  cylinder  or  working  part  of 
the  pump  and  the  well  is,  in  theory  unlimited,  but  in  practice  it  seldom 
exceeds  one  or  two  hundred  feet.  In  all  cases  where  long  pipes  are 
used,  their  bore  should  be  enlarged  in  proportion  to  their  lengtn,  or  the 
velocity  with  which  the  sucker  is  raised,  should  he  diminished  ;  and  for 
this  reason — lime  is  required  to  overcame  the  inertia  and  friction  of  long 
columns  of  water  in  pipes  j  hence  a  sucker  should  never  be  raised  faster 
than  the  pipe  can  furnish  water  to  fill  the  vacuity  formed  by  its  ascent. 
In  pumps  whose  pipes  have  too  small  a  bore,  it  frequently  happens  that 
the  sucker  is  forcibly  driven  back  when  quickly  raised,  because  the  water 
had  not  time  to  rush  through  the  pipe  and  fill  the  vacuity  in  the  cylinder 
tu  rapidly  as  it  was  formed.  The  oore  of  wooden  pumps  being  equal 
throughout,  the  water  is  not  pinched  or,  wii«-drawn  while  passing 
through  them,  as  in  moat  of  those  bf  metal.  This  is  one  reason  why  they 
generally  work  easier  than  the  latter.  It  is  immaterial  in  what  part  of 
the  pipe  the  valve  O  is ;  it  is  usually  placed  at  the  upper  end  for  the  con- 
venience of  getting  to  it  when  requiring  repairs.  When  it  fits  close  to 
its  seat,  the  water  always  remains  suspended  in  the  pipe,  (unless  the  latter 
should  be  defective)  as  mercury  is  sustained  in  a  barometer  tube. 

In  cold  climates  it  is  a  matter  of  some  importance  to  prevent  water  in 
pumps  fr>im  freezing.  Metallic  pumps  are,  from  the  superior  conducting 
property  of  their  material,  more  subject  to  this  evil  than  those  of  woo«L 
Of  various  devices  a  few  may  be  mentioned.    The  old  mode  of  enclowng 
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the  pump  in  a  case  containing  tanners'  bark,  charcoal,  the  dung  of  hor* 
•es,  &c.  is  continued.  Others  are  to  prevent  the  valve  O  from  sitting  close 
to  its  seat,  or  to  open  it,  by  pressing  the  sucker  upon  a  pin  attached  to 
it,  so  that  the  contents  of  the  cylinder  and  pipe  may  descend  into  the  well ; 
hence  every  time  the  pump  is  used  a  fresh  portion  is  required  to  '  prime 
it'  A  more  common  method  is  to  connect  the  lower  part  of  the  cylinder 
with  the  suction  pipe  by  a  stop  cock  and  short  tube,  as  at  C.  By  opening 
the  cock  the  water  in  ^e  pump  descends  through  it  into  the  pipe.  But 
the  usual  practice  in  this  country,  is  to  make  the  cylinder  of  such  a  length 
that  two  or  three  feet  of  it  may  be  below  the  surface  of  the  ground,  and 
out  of  the  reach  of  the  frost ;  about  a  foot  above  the  valve  O  or  lower 
box,  a  plain  cock  is  inserted  :  in  winter  this  cock  is  left  partially  open, 
ana  the  water  above  escapes  slowly  through  it  into  the  ground ;  while 
that  below,  into  which  the  sucker  is  made  to  extend  at  its  lowest  position, 
serves  instead  of  fresh  *  priming.' 

A  simitar  device  is  attached  to  the  lateral  pipes  that  convey  the  water 
of  the  Schuylkill  into  the  houses  of  Philadelphia. 

Some  persons  can  scarcely  conceive  how  the  atmosphere  can  have  ac- 
cess to  a  well,  while  the  latter  is  covered  with  slabs  of  stone  or  timber, 
and  a  thick  bed  of  clay  or  mould  over  all.  They  forget  that  it  is  the  ra- 
rity of  air,  the  extreme  minuteness  of  its  particles,  which  enables  it  to 
circulate  through  the  finest  soils,  as  freely  as  people  pass  through  the  va- 
rious chambers  and  passages  of  their  dwellmgs.  Were  the  sides  of  a 
well  coated,  and  its  mouth  covered  with  the  best  hydraulic  cement— no 
Booner  could  the  sucker  or  piston  of  a  pump  produce  a  partial  vacuum 
within  it,  than  the  air  would  stream  through  the  cement  as  water  through 
a  colander  or  shower  bath.  And  if  the  top  and  sides  were  rendered  per- 
fectly air-tight,  it  would  then  enter  the  bottom  and  ascend  through  the 
water  without  any  perceptible  obstruction.  If  it  were  possible  to  make 
a  well  impervious  to  air,  no  water  could  be  raised  from  it  by  one  of  these 
pumps:  no  movement  of  the  sucker  could  then  bring  it  up.  We  might 
examine  the  apparatus  with  solicitude — remove  its  4^^®^^^  ^^^^  ^^^^ — 
consult  the  learned  with  the  Florentines,  or  get  enraged  like  the  Spanish 
pump  maker  of  Seville  ;^-still,  the  water,  like  Glendower's  spirits  of  the 
deep,  would  in  spite  of  all  our  efforts  refuse  to  rise. 

When  the  atmospheric  pump  is  required  to  raise  water  from  a  perpen- 
dicular depth,  not  exceeding  26  or  28  feet,  (i.  e.  in  those  parts  of  the  earth 
where  the  mercury  in  the  barometer  generally  stands  at  30  inches)  the 
length  of  the  cylinder  need  not  exceed  that  which  is  required  for  the 
stroke  of  the  sucker.  In  all  cases,  the  perpendicular  distance  between 
the  sucker,  when  at  the  highest  point  of  its  stroke  and  the  level  of  the 
-water,  should  never  exceed  the  same  number  of  feet  as  the  tube  of  a  ba- 
rometer, at  the  place  where  the  pump  is  to  be  used,  contains  inches  of  mer- 
cury. But  in  the  temperate  zones  where  pumps  are  chiefly  used,  the  pres- 
sure of  the  air  varies  sometimes  to  the  extent  of  two  inches  of  mercury,  or 
between  two  and  three  feet  of  water ;  hence  the  distance  should  be  some- 
thing less.  And  as  the  level  of  water  in  wells  is  subject  to  changes,  it  is  the 
laudable  practice  of  pump  makers  to  construct  the  cylinder  and  rod  of  the 
sucker,  of  such  a  length,  that  the  latter  taay  always  work  within  26  or  28 
feet  of  the  water. 

By  keeping  the  above  rule  in  view,  water  may  be  raised  by  these 

f>umps  froin  wells  of  all  depths ;  for  after  it  has  once  entered  the  cy- 
inder,  it  is  raised  thence  by  the  sucker  independently  of  the  atmosphere, 
and  to  any  height  to  which  the  cylinder  is  extended.  This  seems  to  have 
been  well  understood  by  old  engineers.     The  remark  of  those  who  made 
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the  Florentine  pump  is  a  proof;  and  others  might  be  adduced  from  much 
older  authorities.  Plate  48,  in  Besson's  Theatre,  represents  an  atmos- 
pheric pump  raising  water  from  a  river  to  the  top  of  a  high  tower.  The 
cylinder  is  square,  formed  of  plank  and  bound  with  iron  clamps.  It  is 
shown  as  nearly  four  times  the  length  of  the  suction  pipe,  which  is  round. 
When  pump  rods  are  required  of  great  leny^th,  they  should  be  made  of 
pine.  This  wood  does  not  warp,  and  as  it  is  rather  lighter  than  water,  its 
weight  has  not  to  be  overcome  (like  iron  rods)  when  raising  the  sucker. 

A  circu«nstance  to  which  we  have  slightly  alluded,  was  announced  in 
the  public  papers  of  Europe,  in  the  year  1766,  which  roused  the  attention 
of  philosophers ;  for  it  seemed  to  threaten  a  renewal  of  the  disputes  about 
a  vacuum,  and  the  ascent  of  water  in  pumps  and  siphons,  &c.  A  tinman 
of  Seville,  in  Spain,  undertook  to  raise  water  from  a  well  60  feet  deep, 
bv  the  common  pump.  Instead  of  making  the  sucker  play  within  30  feet 
of  the  water,  he  made  the  rod  so  short,  that  it  did  not  reach  within  50 
feet  of  iL  As  a  necessary  consequence,  he  could  not  raise  any.  Being 
greatly  disappointed,  he  descended  the  well  to  examine  the  pipe,  while 
a  person  above  was  employed  in  working  the  pump;  and  at  last  in  a  fit 
of  despair,  at  his  want  of  success,  he  dashed  the  hatchet  or  hammer  in 
his  hand,  violently  against  the  pipe.  By  this  act  a  small  opening  was 
made  in  the  pipe  about  ten  feet  above  the  water — when,  what  must  have 
lieen  his  surprise!  the  water  instantly  ascended  and  was  discharged  at 
the  spout  \ 

The  fact  being  published,  it  was  by  some  adduced  as  a  proof  that  the 
pressure  of  the  atmosphere  could  sustain  a  perpendicular  column  of  water 
much  longer  than  32  or  34  feet,  and  consequently  that  the  experiments  of 
Torricelli  and  Pascal  were  inconclusive.  M.  Lecat,  a  surgeon  at  Rouen 
in  Normandy,  repeated  the  experiment  with  a  pump  in  his  garden :  he 
bored  a  small  hole  in  the  suction  pipe  ten  feet  above  the  water,  to  which 
he  adapted  a  cock.  When  it  was  open,  the  water  could  be  discharged 
at  the  height  of  55  feet,  instead  of  30  when  it  was  shut. 

As  might  be  supposed,  these  experiments  when  investigated,  instead 
of  overthrowing  the  received  doctrine  of  atmospheric  pressure,  more 
fully  confirmed  it.  It  was  ascertained  that  the  air  on  entering  the  pipe 
became  mixed  with  the  water;  and  which  therefore,  instead  of  being  car- 
ried up  in  an  unbroken  column,  was  raised  in  disjointed  portions,  or  in  the 
form  of  thick  rain.  This  mixture  being  much  lighter  than  water  alone, 
a  longer  column  of  it  could  be  supported  by  the  atmosphere :  and  by  pro* 
portioning  the  quantity  of  air  admitted,  a  column  of  the  compound  fluid 
may  be  elevated  one  or  two  hundred  feet  by  the  atmospheric  pump ;  but 
'^  there  is  no  advantage  in  raising  water  in  this-  manner  by  the  pump,  and 

we  believe  it  is  seldom  or  never  practiced.  In  a  paper,  on  the  duty  per- 
formed by  the  Cornwall  Steam  Engines  in  raising  water,  in  the  Journal 
^  of  the  Franklin  Institute  for  May,   1S37,  it  is  stated  that  a  little  air  is 

^  sometimes  admitted  in  the  pump  pipes,  which  it  is  ailed ged,  "  made  the 

pump  work  more  lively,  in  consequence  of  the  spring  it  gave  to  the  co- 
'  lumn  of  water,  and  caused  less  strain  to  the   machinery."     In  the  same 

paper  Mr.  Perkins  states  that  forty  years  before,  an  attempt  was  made  to 
impose  upon  him  in  this  country,  a  pump  which  raised  water  by  atmo  - 
spheric  pressure  100  feet :  but  he  detected  "  a  small  pin  hole"  in  the  pipe 
through  which  the  air  was  admitted. 

The  same  deception  it  seems  gave  rise  to  the  humorous  poe^cal  satire, 
'  Terrible  Tractoraiian,*  The  ingenious  author  states  in  his  preface,  thai 
he  was  employed  in  1801,  as  agent  for  a  company  in  Vermont,  and  of 
which  he  was  a  member,  to  proceed  to  London,  and  secure  a  patent  foi 
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*  ft  new  laveBted  hydraulic  machine.'  "  I  was  urged  to  hurry  ray  depar- 
ture in  conflequence  of  a  report  in  circulation,  that  certain  persons  by 
Btealth  had  made  themselves  masters  of  the  invention,  and  were  deter- 
mined to  anticipate  us  in  our  object  of  securin.o;  a  patent  in  London.  In 
consequence  of  this  report,  thn  experiments  made  with  this  machine  were 
pcu'formed  in  a  hasty  manner.  By  it,  water  >\  as  raised  through  leaky  tin 
pipes  in  a  hasty  experiment,  42  feet  from  the  surface  of  the  fountain  to  the 
bottom  of  the  cylinders,  in  which  the  pistons  were  worked.  I  embarked 
from  New- York  the  5th  of  May,  and  arrived  in  London  after  a  tedious 
passage  the  4th  of  July.  I  waited  on  Mr.  King,  then  ambassador  from 
the  United  States,  to  whom  I  had  letters,  and  was  by  him  favored  with  a 
letter  to  Mr.  Nicholson,  ac  eminent  philosopher  and  chemist.  With  this 
gentleman  I  had  several  interviews  on  the  subject  of  my  hydraulic  ma- 
chine, and  from  him  received  an  opinion  in  writing  unfavorable  to  its 
merits.  I  likewise  made  a  number  of  experiments  in  London,  with  a 
different  result  from  what  I  had  seen  in  Vermont.  In  this  desperate  si- 
tuation of  the  adventure,  I  received  a  letter  from  one  of  the  Vermont 
Company,  informing  me  there  was  a  deception  in  the  patent — that  from 
experiments  made  subsequent  to  my  departure,  it  appeared  that  no  water 
couid  be  raised  by  Ijangdon*s  invention  higher  than  by  the  common  pump,  . 
unless  by  a  perforation  in  the  pipe,  which  made  what  the  inventor  called 
an  air  hole,  and  which  by  him  had  been  kept  a  secret.  Mr.  Nicholson  in- 
formed me  that  a  similar  deception  had  been  practised  on  the  Academi- 
cians of  Paris,  but  that  the  trick  was  discovered  by  the  hissing  noise  made 
by  the  air  rushing  into  the  aperture."  From  the  disappointment  Mr.  Fes- 
senden  turned  to  his  pen,  and  wrote  '  The  modem  PhUasopher  or  Terrible 
TVeu^oration.'     See  preface  to  2nd  American  ed.  Phil.  1806. 

It  is  possible  however  to  raise  water  by  a  short  cylinder,  fifty  or  even 
*  a  hundred  feet  high,  but  for  all  practical  purposes  the  device  is  useless. 
The  first  thing  of  the  kind  that  we  know  of,  was  accomplished  nearly 
forty. years  ago  by  a  boy.  He  fixed  a  small  pump  (the  cylinder  was  12 
inches  in  length)  in  the  garret  of  a  high  dwelling,  and  a  tub  of  water 
in  the  cellar,  the  perpendicular  distance  being  nearly  50  feet.  About 
.halfway  up  the  stairs,  he  placed  a  close  vessel,  (a  three  gallon  tin  boiler) 
from  the  bottom  of  which  a  small  leaden  tube  was  continued  to  the  pump 
cylinder;  and  another  tube  being*  soldered  to  the  top,  descended  into  the 
tub  of  water.  A  third  tube  was  soldered  to  the  top  of  the  vessel,  and 
terminated  near  the  pump,  having  a  cock  soldered  to  the  end.     This  cock  ^ 

being  shut  and  the  pump  worked,  the  air  in  the  pipes  and  the  vessel  was  * 

withdrawn,  and  the  latter  consequently  filled  with  water  by  the  atmo- 
sphere ;  he  then  opened  the  cock  which  admitted  the  atmosphere  to  act  on 
the  surface  of  the  water  in  the  vessel,  and  by  again  working  the  pump  the  ^ 

contents  of  the  vessel  were  raised  and  discharged  in  the  garret.     By  a  se-  ^ 

ries  of  close  vessels  placed  at  distances  not  exceeding  30  feet  above  each 
other,  water  may  be  raised  in  this  manner  to  any  elevation.  ^ 

It  is  impossible  to  notice  here  a  moiety  of  the  projects  for  improving 
the  atmospheric  pump  and  the  various  parts  of  which  it  is  composed ; 
their  name  is  legion^  and  this  volume  is  far  too  limited  to  comprise  an  ac- 
count of  them  all.  Those  that  we  are  about  to  describe  are  of  modern 
date,  but  it  does  not  therefore  follow  that  they  were  unknown  to  the  an- 
cients. Men  in  every  age,  when  striving  to  accomplish  a  specific  oliject,' 
naturally  fall  into  similar  trains  of  thought,  and  hit  upon  the  same  or  nearly 
the  same  devices.  Could  the  ancient  history  of  this  machine  be  procured, 
it  would  we  have  no  doubt  prove,  that  (like  the  instruments  invented  by  a 
celebrated  French  surgeon,  fac-similes  of  which  of  exquisite  finish,  were 

2Q 


896  Pm^  mtk  ttoo  Pittont.  [Book  IL 

■ubsequently  found  in  Pompeii)  not  a  few  of  iu  diveraified  modificadoiu 
were  anticipated  b;  Greek  and  Roman  machinists.  Why  then  were  they 
not  preserved  or  continued  in  uset  For  the  same  reason  that  the  old 
pump  is  still  (i^enerally  preferred  ;  and  were  it  not  for  the  an  of  priming 
(t  is  probable  that  not  one  of  the  modem  improvementa  of  this  icachina 
would  be  known  2000  years  hence,  any  more  than  those  devised  by  th« 
ancients  are  now  known  to  us.  Those  persons  who  are  familisj-  with  it, 
well  know  that  a  large  majority  of  its  supposed  improTers,  have  returned 
from  long  and  laborious  mental  pilgfrimages  in  its  behalf,  laden,  like  old 
devotees,  with  little  e^se  than  stores  of  worthless  relics. 

Of  innumerable  variations  iu  its  construc- 
tion,  the   greater  part    consists    of  different 
modes  of  communicating  motion  to  the  rod, 
II  by  wheels,  cranks,  racks  and  pinions,  cams, 

'''S^-^'^  plain  and  jointed  levers,  pendulums,  balance 

poles,  vibrating  platforpoa,  &C  Of  these  il 
would  be  useless  to  speak.  Others  consist  in 
two  or  more  suckers  in  the  same  cylinder;  ip 
altering  the  form  of  the  latter  ;  and  som«  in 
I  imparling  motion  to  the  cylinder,  and  dispen- 
sing with  the  sucker.  We  shsJl  notice  some 
of  these  here,  snd  otherain  the  next  Book. 

The  introduction  of  two  suckers  or  pistons 
into  one  cylinder  has  long  been  a  favorita 
project.  Dr.  Convers  in  1673  proposed  a 
pump  of  this  kind.  He  made  it  of  plank, 
square  and  tapered,  (in  the  form  of  an  inver- 
ted and  truncated  pyramid,)  8)  feet  long,  30 
inches  square  at  the  upper  end,  and  8  at  the  ' 
bottom  where  the  valve  or  lower  box  was 
placed.  He  fixed  two  suckers  on  the  -tame 
rod,  one  at  its  lower  end  and  the  other  so  as 
to  play  half  way  down  the  trunk.  This  pump 
he  said,  raised  "at  least  twice  as  much  water 
at  the  ordinary  one  of  the  same  size."  If 
such  was  the  fact,  it  was  by  the  expenditnra 
of  twice  as  much  force.  Had  the  bore  of 
the  trunk,  where  the  upper  sucker  played, 
been  uniform  throughout,  and  the  lower 
sucker  laid  aside,  and  with  it  the  force  ex- 
pended in  moving  it,  the  result  would  clearly 
have  equalled  that  of  both.  Phil.  Trans. 
Abridg.  Vol.  i.  646. 

About  the  year  1780,  Mr.  Taylor  of  South 
ampton,  Eng.  introduced  two  suckers  or  pis 
tors  into  one  cylinder,  each  united  to  a  separate  rod,  that  one  might  as 
G«nd  as  the  other  descended,  and  thus  discharge  double  the  quantity  of 
water :  No.  91  is  a  figure  of  it.  The  rod  of  the  lower  sucker  slides 
through  the  centre  of  the  upper  one ;  and  also  through  its  valve,  which 
is  a  spherical  or  hemispherical  piece  of  brass,  placed  loosely  over  its  seat 
and  to  which  the  rod  acts  as  a  guide.  The  upper  parts  of  the  rods  ter- 
minate in  racks,  between  which  a  cog  wheel  is  placed,  having  an  alternate 
movement  imparted  b)  it,  by  a  lever  attached  to  its  axis,  as  io  [he  common 
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one  end  of  die  sbafl  of  the  cog  wheel;  over  this  a  mpe  la  passed  and 
croBied  below,  to  which  any  number  of  men,  on  each  side,  may  apply 
their  itrength.  Both  parties  pull  the  rope  towards  them  by  turns,  and 
thereby  impart  the  requisite  movement  lo  the  cog  wheel,  and  consequently 
to  the  pump  rods  and  suckers,  as  shown  in  No.  9S.  Mr.  Adams,  in  his 
Lectures  on  Natural  Philosophy,  published  in  1794,  observed  that  these 
kind  of  pumps  had  been  "m  general  use  in  the  royal  navy  for  fire  or  six 
Tea»."     Vol.  iii,  398. 


Na  n.    WorUof  8Up  Pumpi  bj  Rafxa. 

In  1813,  the  London  Society  of  Arts  awarded  a  medal  and  twenty 
guineas  to  Mr.  P.  Hedderwick,  for  various  modes  of  imparting  motion  to 
two  pistons  in  the  same  cylinder,  by  a  series  of  lecen,  instead  of  cog  wheels 
and  racks.     Trans,  vol.  xxxii,  98. 

Atmospheric  pumps  with  two  pistons  are  used  in  the  French  marine, 
and  are  arranged  so  as  to  be  wartced  by  the  men  as  in  the  act  of  rowing. 
Neither  racks  nor  pinions  are  used  in  communicating  motion  to  the 
rods.  The  upper  ends  of  these  are  continued  outside  the  cylinders  and 
bent  a  little  outwards,  and  then  connected  by  a  bolt  to  each  end  of  a  short 
vibrating  beam  which  is  moved  by  the  men.  The  rods  do  not  descend 
in  the  centre  of  the  cylinder,  as  in  the  preceding  figure,  but  are  attached 
to  one  side  of  the  suckers.  The  lower  rod  passes  through  an  opening  in 
the  upper  sucker,  which  is  closed  by  a  collar  of  leather.  Hachelte's 
Traite  Elementaire  des  Machines.  Paris,  1819,  p.  153. 

Pumps  with  double  pistons  are  not  of  modern  date :  there  is  one  figured 
in  Besson's  Thfiatre  des  Instrumens. 

The  alledged  superiority  of  these  pumps  is  more  specious  than  real. 
It  is  true  the  inertia  of  the  water  in  ascending  the  pipes  has  not  to  be 
o\  ercome  at  every  stroke,  as  in  the  common  pump,  since  its  motion  through 
them  is  continuous;  nor  is  its  direction  changed,  as  when  two  separate 
cylinders  are  used,  being  then  diverted  into  them  from  the  pipes  at  angles 
more  or  less  acute.  These  are  real  advantages;  but  if  we  mistake  not, 
they  are  the  only  ones,  unless  taking  up  less  room  on  ship  board  be  an- 
other. But  from  the  cylinders  being  twice  the  ordinary  length,  these 
machines  are  really  double  pumps  ;  having  not  only  two  suckers  and  two 
rods,  but  also  two  cylinders,  and  requiring  twice  the  power  to  work  them. 
The  principal  difference  between  them  and  the  usual  double  pump,  is  that 
tbe  cylinders  are  united  together  on  the  same  axis,  while  in  the  latter, 
tbey  are  placed  parallel  to  each  other.  In  point  of  economy,  we  think 
pumps  with  two  distinct  cylinders  are  preferable;  they  are  less  complex, 
and  of  course  less  liable  to  derangement:  a  longer  stroke  can  be  ob- 
tained in  them,  and,  what  is  of  more  importance,  when  one  is  disordered, 
the  other  can  be  continued  in  use.  On  these  considerations  we  believe 
double  piston  pumps  were  abandoned  in  the  British  navy. 

A  singular  modification  of  the  common  pump  was  devised  in  England 
in  1819,  for  which  the  Society  of  Arts  awarded  a  premium  of  twenty 
guineas.    The  chamber  was  curved,  and  the  centre  ot  the  circle,  of  whicA 
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It  rurmcd  a  part,  aerved  u  a  fulcnini  on  which  the  rod  and  handle  (both  of 
otje  piece)  moved.  The  rod  was  curved  M  a*  to  move  in  the  centre  of 
the  chamber. 


i 
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The  objects  soppoaed  to  have  been  attained  by  this  arrangement,  were 
"  greater  aimplicity  of  workmanship,"  and  "  greater  sleadiness  and  preci- 
sion of  action"  (of  the  sucker.)    The  device  is  ingenious,  but  can  never  be 
generally -adopted.     The  spring  of  the  rod  with  the  wear  of  the  bolt  on 
which  it  turns,  must  soon  render  the  play  of  the  sucker  and  wear  of  the 
chamber  unetmal :  the  difficulty  and  expense  of  making  the  latter  curvi- 
linear,  and   of  repairing   it   when  bruised  or  otherwise  injured,  are   fatal 
objections.     The  pipe  must  be  separated  from  the  chamber  to  get  at  the 
tower  box  or  valve;   and  the  application 
of  the  pumji  is  limited  to  depths   n-ithin 
30  feet      We  have   noticed   it,   lest  the 


cbunics,  should  lead  them  to  a  useless 
expenditure  of  time  and  money.  In  the 
same  year  a  patent  was  issued  in  Eng- 
land tor  making  the  cylinder  in  the  form 
of  a  ring,  or  nearly  so,  the  centre  of 
which  was  the  fulcrum  on  which  the  pis- 
ton turned,  and  an  alternating  motion 
was  imparled  to  the  latter.  Repertory 
of  Arts,  vol.  XXXV.  1819. 

An  interesting  modification  of  the  at-> 
mospheric  pump  was  described  fay  Mus- 
chenbroeck  in  his  Natural  Philosophy. 
Instead  of  a  piston  or  sucker  working 
inside  of  the  cylinder,  the  lattrr  itself  is 
moved,  being  made  to  slide  over  the  pipe 
somewhat  in  the  manner  of  telescope 
tubes.  No.  94  represents  this  pump. 
The  upper  end  of  the  suction  pipe,  being 
Mo-M.   M<i«li»kr««ek-i  Panp.  made  of  copper  or  brass,   and   its  exte- 

rior smooth  and  straight,  is  passed 
tUrough  the  bottom  of  a  small  cistern.  Its  orifice  is  closed  by  a  valve 
opening  upwards.  A  short  cylinder  whose  diameter  exceeds  that  of  the 
suction  pipe  is  slipped  over  the  latter;  and  to  its  lower  end  a  stuffing  boa 
ii  adapted  to  prevent  air  or  water  from  passing  between  ihem.    Its  upper 
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end  18  covered  by  a  ralve  also  opening  upward.  The  pump  rod  is  at- 
tached to  the  game  end  by  a  fork,  as  represented  in  the  figure.  By  mo- 
ving the  cylinder  up  and  down,  the  air  within  it  and  the  pipe  is  soon  ex- 
pelled, and  its  place  occupied  by  a  portion  of  the  water  in  which  the 
lower  end  of  the  suction  pipe  is  in^mersed.  When  the  cylinder  is  then 
raised  the  atmosphere  forces  up  water  into  it,  and  when  it  is  depressed, 
the  water  being  prevented  by  the  valve  on  the  end  of  the  pipe  from  de* 
scending  into  the  well,  escapes  out  of  that  on  the  top  of  the  cylinder,  pre- 
cisely as  in  the  bellows  pump.  (p.  206.)  By  keeping  water  in  the  cistern, 
ur  is  effectually  prevented  from  enteriag  between  the  pipes  at  the  stuffing 
box,  even  if  it  be  not  perfectly  tight.  A  cup  or  dish  formed  on  the  upper 
end  of  the  cylinder  to  contain  a  little  water  over  the  valve,  would  be  an- 
advantage  in  this  description  of  pumps,  for  any  defects  in  it  by  which 
air  is  admitted  would  be  fatal,  as  a  vacuum  could  not  then  be 
formed  within  the  cylinder,  and  of  course  no  water  raised  by  it.  Our 
common  pumps  would  be  almost  useless  if  water  was  not  kept  over  the 
valves;  it  is  that  which  renders  them  air  tight,  and  consequently  efficient 

In  the  early  part  of  the  18th  century,  a  new  method  of  exciting  the  pres- 
sure of  the  atmosphere  for  the  purpose  of  raising  water  was  adopted.  Its 
discoverer  burst  the  fetters  with  which  long  established  modes  of  accom- 
plishing this  object  had  embarrassed  common  minds.  He  left  the  old  track 
entirely,  and  the  result  of  his  researches  was  a  philosophical  machine  that 
bears  no  resemblance  to  those  by  which  it  was  preceded. 

Most  people  are  practically  acquainted  with  the  principle  of  the  Centri- 
Jitgal  pumpy  viz.  that  by  which  a  body  revolving  round  a  centre  tends 
to  recede  from  it,  and  with  a  force  proportioned  to  its  velocity :  thus  mud 
18  thrown  from  the  rims  of  carriage  wheels,  when  they  move  rapidly  over 
w^et  roads ;  a  stone  in  a  sling  darts  off  the  moment  it  is  released  ;  a  bucket 
of  water  may  be  whirled  like  a  stone  in  a  sling  and  the  contents  retained 
even  when  the  bottom  is  upwards.  A  sailor  on  ship  board,  or  a  house- 
maid, dries  a  wet  mop  by  whirling  it  till  the  force  communicated  to  the 
'watery  particles  overcomes  their  adhesion  to  the  woolen  fibres.  Boys 
Bometimes  stick  pellets  of  tough  clay  to  the  end  of  a  switch  or  flexible  rod, 
and  then  drawing  it  quickly  through  the  air,  the  force  imparted  to  the  balls 

T-— - — ^  sends  them  to  their  destination.  If  a 
^    A  tube  be  substituted  for  the  rod,  and 

I  — MMVi"i'iii^*^rMr^  ":: — l      ^^®  ^^^  '^^^  ^  ^®^^  ^^  ^®  hand  clo- 

I  f^^BJBIJM^  I      sed,  by  a  similar  movement,  balls 

■■^■^BIIIllllllIllM^^  dropped  or  water  poured  into  it, 

Bj  would  be  thrown  forward  in  like 

D  manner;  and  if  by  some  arrange- 

H  ment  the  movement  of  the  tube  was 

H  made  continuous,  projected  streams 

■j  of  either  balls  or  water  might  be 

H  .                          rendered  constant:  the  centrifuo;al 

H  gun  is  a  contrivance  to  accomplish 

J^L  the  one— the  centrifugal  pump  the 

g^sBHHB?  This  pump  fifenerally  consists  of 

^QBHHBIBi^  tubes,  united  m  the  form  ot  a  cross 

»•.  ts.  c«ntrifaffai  p«m^  or  letter  T,  placed  perpendicularly 

in  the  water  to  be  raised.  (No.  95.; 
The  lower  end  is  supported  on  a  pivot;  perforations  are  made  to  admit 
the  water,  and  just  above  them  a  valve  to  retain  it  when  the  pump  is  not 
in  motion.     The  ends  of  the  transverse  part  are  bent  downwards  to  dis- 
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eharge  the  water  into  a  circular  trough,  over  which  they  turn.  To  charge 
it,  the  orifices  may  be  closed  by  loosely  inserting  a  cork  into  each,  and 
then  filling  the  pump  through  an  opening  at  the  top  which  is  then  closed 
by  a  screw  cap.  A  rapid  rotary  motion  is  imparted  to  the  machine  by  a 
pulley  fixed  on  the  axis  and  driven  by  a  band,  from  a  drum,  &c.     The 

centrifugal  force  thus  conmiunicated  to  the  water  in  the 
arms  or  transverse  tube,  throws  it  out;  and  the  atmo- 
sphere pushes  up  the  perpendicular  one  fresh  portions 
to  supply  the  place  of  those  ejected.  These  pumps  are 
sometimes  made  with  a  single  arm  like  the  letter  L  in- 
verted ;  at  others  quite  a  number  radiate  from  the  up- 
right one.  It  has  also  been  made  of  a  series  of  tubes 
arranged  round  a  vertical  shaft  in  the  form  of  an  inver- 
ted cone.  A  valuable  improvement  was  submitted  by 
M.  Jorge  to  the  French  Academy  in  1816.  It  consists 
in  imparting  motion  to  the  arms  only,  thus  saving  the 
power  consumed  in  moving  the  upright  tube,  and  by 
which  the  latter  can  be  tndined  as  circumstances  or  lo- 
cations may  require. 

A  combination  of  the  centrifugal  pump  with  Parent's 
or  Barker's  mill,  was  proposed  by  Dr.  West,  which  in 
some  locations  may  be  aidopted  with  advantage.  It  is  sim- 
ply a  vertical  shaft  round  which  two  tubes  are  wound : 
(No.  96)  the  upper  one  is  the  pump ;  the  lower  one  the 
mill.  The  area  of  the  lower  one  should  be  to  that  of  the 
upper  in  the  inverse  ratio  of  the  perpendicular  height, 
and  as  much  more  as  is  necessary  to  overcome  the  fric- 
tion. The  cup  or  basin  into  which  the  stream  (part  of 
which  is  to  be  raised)  is  dir^ted,  may  be  attached  to  the  shaft  and  turn 
with  it,  or  the  latter  may  pass  through  it.     Tilloch's  Phil.  Mag.  vol.  xi. 

The  first  centrifugal  pump  appears  to  have 
been  invented  by  M.  Le  Demour,  who 
sent  a  description  of  it  to  the  French 
Academy  in  1732.  (Machines  approuv^. 
Tom.  vi,  p.  9.)  It  was  merely  a  straight 
tube  attached  in  an  inclined  position  to  a 
vertical  axis,  and  whirled  round  by  the 
handle— the  tube  was  fastened  by  liga- 
tures to  three  strips  of  wood  projecting 
from  the  axis,  as  shown  at  No.  97. 

With  this  pump  we  close  our  remarks 
on  devices  ibr  raising  water  by  atmo- 
spheric pressure;  more  might  have  been 
added,  but«as  nearly  all  the  machines  yet 
to  be  described  illustrate  the  same  prin- 
ciple, the  reader  is  referred  to  the  fol- 
lowing Books,  and  particularly  to  the  at- 
mospheric and  forcing  pumps  described  in 
the  next  one. 

[The  vessels  under  the  pump  spouU  in  Nos.  90,  93  and  94,  are  Roman 
bronze  buckets  from  Pompeii.j 
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BOOK    III. 


MACHINES  FOR  RAISING  WATER  BY  COMPRESSURE  INDEPENS 

ENTLY  OF  ATMOSPHERIC  INFLUENCE. 


CHAPTER    I. 

DsriinTioir  of  oiaehiDM  oewribMl  in  tUa  Book— Foraiog  Piunpft— Analofy  botwoon  tbfin  tad  boOrxv^ 
—History  of  the  boUowi  that  of  the  pump — Forcing  pumpt  are  water  bellowe— The  BeDows  of  aataoi 
loTian  origiD— Tabal  Cain— Anaehartia— Vulcan  in  hia  forge — Egyptian,  Hindoo,  and  Peruvian  blowug 
tube* — ^PrimitiTe  bellowi  of  goldamitlia  in  Barbary— Similar  inatmmenta  employed  to  ejeet  Hqaida— i>D- 
rieaa  to  obtain  a  continnooa  blaat— Double  bellows  of  the  Fonlah  blaeksmithSi  witboat  valTea  8ia>ple 
Asiatic  bellowa— Domestic  Dellows  of  modem  Egypt — Double  bellows  of  the  aaeient  Egyptians— Del* 
lows  blowers  in  the  middle  ages — Lantern  bellows  common  over  all  the  East— Speeimeas  from  Agrioola 
—Used  by  negroes  in  the  Interior  of  Africa— Modern  Egjrptian  blacksmiths'  bellows— Vulcan^  bellows 
— VaiioiM  luDds  of  Roman  bellows— Bellows  of  Grecian  blacksmiths  referred  to  In  a  prediction  of  tho 
Delphic  oracle— Application  of  lantern  bellows  as  forcing  pumps— Sucking  and  fbraing>bellows  pompe 
—Modern  domestic  bellows  of  ancient  origin— Used  to  raise  water— Contmwi.  blacksmiths'  bellows  mb 
ployed  as  forcing  pumps— Ventilation  of  mines. 

Machines  of  the  third  class  described  in  dus  Book«  are  such  as  act  by 
compressure :  the  water  is  first  admitted  int^los^  vessels  and  then  for- 
cibly expelled  through  apertures  made  for  that  purpose.  This  is  effected 
in  some  by  compressing  the  vessels  themselves,  as  in  bellows  pumps — ia 
others  by  a  sojid  body  impinging  on  the  surface  of  the  liquid,  as  in  fire  en- 
gines— sometimes  a  column  of  water  is  used  for  the  same  purpose,  at 
others  the  expansive  force  of  compressed  air.  Of  the  last  two,  Heron's 
fountain,  air  engines,  and  soda  fountains,  are  examples.  Strictly  con- 
sidered, these  machines  have  nothing  to  do  with  the  pressure  of  the  at- 
mosphere, (the  active  principle  of  those  of  the  second  class,)  but  in  prac- 
tice it  is  very  generally  employed.  When  the  working  cylinder  of  a  for- 
cing-pump is  immersed  in  the  water  it  is  intended  to  raise,  or  when  the 
latter  flows  into  it  by  gravity,  it  is  a  forcing  pump  simply;  but  when  the 
cylinder  is  elevated  above  the  water  that  supplies  it,  and  consequently  is 
then  charged  by  atmospheric  pressure,  thp  machine  is  a  compound  one, 
embracing  the  peculiar  properties  of  both  sucking  and  forcing  pumps. 
The  latter  therefore  differ  from  the  former  in  raising  water  above  their 
cylinders;  and  to  elevations  that  are  only  limited  by  the  strength  of  their 
materials  and  the  power  employed  to  work  them.  They  have  been  con- 
sidered by  some  writers  as  the  oldest  of  all  pumps.  We  shall  consider 
their  varieties  in  the  order  in  which  we  suppose  they  were  developed. 

An  intimate  connection  has  ever  subsisted  between  the  forcing  pump 
and  the  bellows ;  they  are  not  only  identical  in  principle,  but  every  form 
adopted  in  one  has  been  applied  to  the  other.  The  bellows,  from  the 
simple  sack  or  skin  employed  by  the  negroes  of  Africa  to  the  complex 
and  efficient  instrument  of  China,  and  tie  enormous  blowing  machines  of 
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oar  foundries,  has  been  used  to  raise  water :  and  every  modification  of  the 
pump,  not  even  excepting  the  screw,  has  been  applied  as  a  bellows.*  A 
singular  proof  of  the  analogy  between  them  and  of  their  connection  in 
ancient  times,  is,  that  in  one  of  the^  earliest  accounts  we  have  of  the  cylin' 
drical  pumpt  (viz.  by  Vitruvius)  it  was  used  as  a  bellows  '*to  supply 
wind  to  hydraulic  organs."  And  that  rotary  pumps  are  as  numerous  as 
rotary  bellows,  is  known  to  every  mechanic  Thus,  while  pumps  have 
been  used  as  bellows,  bellows  have  been  employed  as  punips;  and  every 
device  to  obtain  a  continuous  current  of  air  in  me  one,  has  been  adopted 
to  induce  an  unbroken  stream  of  water  in  the  other. 

The  history  of  the  bellows  is  also  that  of  the  pump;  and  if  we  mistake 
not  it  affords  the  only  legitimate  source  now  open  in  which  the  origin  of 
tlie  latter  can  be  sought  for  with  any  prospect  of  success.  Under  thu 
impression  we  shall  examine  the  bellows  of^  various  people,  and  in  doing 
fo  the  reader  will  find  an  auxiliary,  but  very  important  branch  of  the  sub- 
ject, illustrated  at  the  same  time,  vis.  that  which  relates  to  valves,  for  the 
bellows  was  probably  the  first  instrument  of  which  they  formed  a  part. 
No  other  machine  equally  ancient  can  be  pointed  out  In  which  they  were 
required.  In  fine,  the  forcing  pump  is  obviously  derived  from  Uie  bel- 
lows, or  rather  it  is  an  application  of  that  instrument  to  blow  water  in- 
stead of  air — an  application  probably  coeval  with  its  invention. 

The  origin  of  the  arts  is  generally  considered  as  a  fubject  of  mere  con- 
jecture. Antiquarians  and  historians  despair  of  discovering  any  thing  of 
importance  relating  to  the  early  history  of  any  of  the  simple  machines.  In 
the  present  case,  however,  there  can  be  no  doubt  that  the,^4<  bellows  was 
the  mouth ;  and  it  was  the  first  pump  too,  both  atmospheric  and  forcing. 
The  representation  of  it  when  employed  as  a  bellows  was  a  favorite  sub- 
ject with  ancient  statuaries  and  painters.  Pliny  gives  several  examples, 
and  among  others,  Stipax  t|^  Cyprian,  who  cast  an  elegant  figure  of  a 
Doy  "  roasting  and  frying  meat  at  the  fire,  puffing  and  blowing  thereat 
with  his  mouth  full  of  wind,  to  make  it  burn."  Aristoclides,  was  also  cele- 
brated for  a  painting  of  a  boy,  **  blowin?  hard  at  the  coals  ;  the  whole  in- 
terior of  the  room  appeared  to  be  illummated  with  the  fire  thus  urged  by 
the  boy's  breath,  and  also  what  a  mouth  the  boy  makes."  Holland's 
Translation. 

That  the  bellows  is  of  antediluvian  origin,  there  can  be  little  doubt, 
for  neither  Tubal  Cain  nor  any  of  his  pupils  could  have  reduced  and 
wrought  iron  without  it.  The  tongs,  anvil  ana  hammer  of  Vulcan,  (or  Tubal 
Cain)  have  come  down  to  our  times,  and  although  the  particular  form  of 
his  bellows  be  not  ascertained,  that  instrument  is,  we  believe,  as  certkinly 
continued  in  use  at  the  present  day,  as  the  tools  just  named.  Nor  is  there 
any  thing  incredible  in  such  belief,  for  if  even  the  common  opinion,  that 
die  whole  globe  was  enveloped  in  the  deluge,  be  true,  Noah  and  his  sons, 
aware  that  the  destinies  of  their  posterity,  so  far  as  regarded  the  arts  of 
civilization,  must  in  a  great  measure  depend  upon  them,  would  naturally 
secure  the  means  of  transmitting  to  them  the  knowledge  of  those  ma- 
chines that  related  to  metallurgy,  as  among  the  most  essential  of  all.  Of 
these,  the  bellows  was  quite  as  important  as  any  other ;  without  it,  other 
tools  would  have  been  of  little  avail.  Now  if  we  refer  to  oriental  ma- 
chinery, (among  which  the  bellows  of  the  son  of  Lamech  is  to  be  found 
if  at  all,)  we  shall  find,  in  accordance  with  its  characteristic  unchangeable* 
ness,  that  the  instrument  now  used  over  all  Hindostan  and  Asia  in  gene* 
ral,  and  by  the  modem  blacksmiths  of  Cairo  and  Rosetta,  is  identical  with 

*Hnchette*8  Traits  ^lementaire  des  Mafihines,  p.  142 
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that  with  which  the  nniths  of  Memphis,  and  Thehes,  and  Heliopolis, 
urged  their  fires,  between  three  and  four  thousand  years  ago,  and  is  similar 
to  those  found  figured  in  the  forges  of  Vulcan  on  ancient  medals  and 
sculptures.  Numerous  were  the  forms  in  which  the  bellows  was  anciently 
made,  but  the  general  features  of  the  one  to  which  we  allude,  (the  lantern 
bellows)  have  remained  as  unchangeable  as  those  of  blacksmiths  them- 
selves. 

Strabo  attributed  the  bellows  to  Anacharsis  who  lived  about  600  years 
B.  C.  but  it  is  probable  that  some  particular  form  of  it  only  was  intended, 
for  it  is  not  credible  that  the  Greeks  in  Solon's  time  could  have  been  igno- 
rant of  an  instrument  that  is  coeval  with  the  knowledge  of  metals ;  and 
without  which  the  iron  money  of  Lycurgus,  two  centuries  before,  could 
never  have  been  made.  Pliny  (B.  vii,  56)  attributes  it  with  greater  pro- 
priety to  the  Cyclops,  who  are  supposed  to  have  flourished  before  the 
deluge.  The  prophet  Jeremiah,  who  lived  long  before  Anacharsis,  speaks 
of  it  in  connection  with  metallurgical  operations.  "The  bellows  are 
burned,  the  lead  is  consumed  of  the  fire,  the  founder  melteth  in  vain." 
Isaiah,  who  lived  still  earlier,  viz.  in  the  8th  century  B.  C.  alludes  to  the 
blacksmith's  bellows — "the  smith  that  bloweth  the  coals  in  the  fire."  And 
Job,  nine  or  ten  centuries  before  the  Scythian  philosopher  flourished, 
speaks  of  "  a  fire  not  blown."  The  prophet  Ezekiel  also  speaks  of  the 
blast  furnace  as  common — "  they  gather  silver,  and  brass,  and  iron,  and 
lead,  and  tin,  into  the  midst  of  the  furnace,  to  blow  thejire  upon  it  to  melt 
it "  xxii,  20.  Homer,  as  might  be  supposed,  could  not  fully  describe 
the  labors  of  Vulcan,  without  referring  to  this  instrument  His  account 
of  the  great  mechanic  at  work,  is  equally  descriptive  of  a  smith  and  his 
forge  of  the  present  day. 

Obseare  in  smoke,  bis  forget  flamiof  round. 
While  bathed  in  sweat  from  fire^to  nre  he  flew ; 
And  puffing  loud,  the  roaring  bellows  blew. 
•  «•••• 

Jnst  as  the  god  directi,  now  loud,  now  low, 
They  rai«)  a  tempest,  or  they  gently  blow. 

Uiad,  zviu,  435,  545.    Popt, 

The  first  approach  made  to  artificial  bellows  was  the  application  of  a 
reed  or  other  natural  tube,  through  which  to  direct  a  stream  of  air  from  the 
mouth — a  device  that  has  never  passed  into  desuetude.  Such  was  the  ori- 
ipn  of  the  modern  blow-pipb,  an  instrument  originally  designed  to  increase 
the  intensity  of  ordinary  fires,  but  which  subsequently  became  (as  the  arts 
w^ere  developed)  indispensible  to  primitive  workers  in  metal.  How  long 
blowing  tubes  preceded  the  invention  of  other  devices  for  the  same  pur- 
pose  is  uncertam;  but  from  the  fact  that  oriental  jewelers  and  goldsmiths 
still  fuse  metal  in  pots  by  them,  it  may  be  inferred  they  were  the  only  in- 
struments in  use  for  ages,  before  the  bellows  proper  was  known:  a  circum- 
stance to  which  their  universal  employment  over  all  Asia  at  the  present 
time  may  be  attributed,  and  the  skilful  management  of  them  by  mechanics 
there.  As  the  only  contrivance  for  urging  fires  in  primitive  times,  men 
would  naturally  become  expert  in  using  them,  and,  as  in  all  the  arts  of 
che  £ast,  their  dexterity  in  this  respect  would  be  inherited  by  their  chil- 
dren, and  be  retained  in  connection  with  their  use,  with  that  tenacity  that 
has  scarcely  ever  been  known  to  give  up  an  ancient  tool  or  the  ancient 
mode  of  usmg  it:  hence  the  paucity  of  their  implements;  a  file,  a  ham- 
mer, a  pair  of  tongs,  and  a  blowing  tube,  being  in  general  all'  that  the 
Gadget  of  an  African  or  Asiatic  jeweler  contains. 

As  we  have  given  figures  of  sucking  tubes  to  illustrate  the  origin  of 
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dte  KtmOBpheric  pump,  we  here  iosert  sdum  of  blowing  tube*,  4*  ihowing 
the  incipient  atUe  of  the  foroing  pump. 
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No.  98,  represents  an  Egyptian  blowing  a  Rre  with  a  reed.  It  is  'rorn 
the  painting*  at  Beni  Hawaii,  and  extends  back  through  a  period  of  S.-WO 
years.  According  to' Mr.  Wilkinson,  the  figure  is  that  of  a  goldsmith, 
"  blowing  the  fire  for  melting  the  gold,"  but  from  the  comparative  large 
■ise  of  the  vessel,  it  would  seem  rather  to  bo  a  cauldron  in  which  the  ar* 
tides  were  pickled.  No.  99,  is  the  figure  of  a  goldsmith  either  soldering 
or  fusing  metal  with  the  blow-pipe,  from  the  sculptures  at  Thebes.  The 
portable  furnace  has  raised  cheeks  to  confine  and  reflect  the  beat.  The 
pipe  is  of  metal  with  the  end  enlarged  and  pointed.' 

Sonnerat,  has  given  (in  the  volume 
of  illustrations  to  his  voyages,)  a  plate 
representing  modem  goldsmiths  of 
Hindostan,  from  which  the  annexed 
figure  (No.  100)  is  copied.  It  will 
serve  to  show,  when  compared  with 
the  preceding  cuts,  what  little  chan- 
ges nave  taken  place  in  some  mechani- 
cal manipulations  in  the  Kast,  from 
very  remote  times.  A  similar  figure  is 
in  shoberl's  Hmdostan.  The  same 
mode  of  fusing  their  metals  was  prac- 

smiths  of  Mexico  and  Peru.     Instead 

of  bellows,  says  Garcilaa^,  the  latter 

No.  100.   OoMimiiiiaf  HiDcUnuD  had    blow-pipes    "made    of    copper, 

about  a  yard  long,  the  ends  of  which 

were  narrow,  that  the  breath  might  pass  more   forcibly   by  means  of  the 

contraction,  and  as  the  fire  was  to  be  more  or  less;  so  accordingly  they 

used  eight,  ten,  or  twelve  of  these  pipes  at  once,  as  the  quantity  of  metal 

did  require."     (Commentaries  on  Peru,  p.  53.) 

The  next  step  was  to  apply  a  leathern  bag  or  sack,  formed  of  the  sktn 
of  some  animal,  to  one  eqd  of  the  tube  (shown  in  No.  80)  as  a  substitute 
for  the  mouth  and  lungs.  The  bag  was  inflated  bv  the  act  of  opening  it, 
or  by  blowing  into  it,  and  tits  contents  expelled  by  pressure.  To  auch 
Homer  seems  to  allude  in  his  account  of  Eolus  assisting  Ulysses: 
Tba  adverse  winds  in  leatheni  bafs  be  braced. 
Compressed  Iheir  Torce,  and  locked  each  iitru(f ling  bIssL  Odfs.  10. 
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And  Ovid:      , 

A  brgen  ta  Ul^riMi  he  coDtigned, 

1  ■leer'i  toagh  hide  eocloaMl  ■  wind.     Mtt.  i 


The  goldantiths'  bellow*  of  Barbary  consiBts  of  a  goat's  skin,  haTiag  a 
reed  inserted  into  it:  'he  holds  the  reed  with  one  hand  and  presses  the 
bag  with  the  other.'  (Ed.  Encyc.  vol.  iii,  258.)  The  Damaras,  a  tribe  of 
i4egroes  in  Southern  Africa  mentioned  by  Barrow,  manufactura  copper 
rings,  dec.  from  the  ore.  The  bellowa  they, use,  he  observes,  "is  made  of 
the  skin  of  a  gemsbok,  (a  speciea  of  deer)  converted  into  a  sack,  with  tha 
horn  of  the  same  animal  fixed  to  one  end  for  a  pipe." 

Simple  instruments  of  this  description  have  always  been  applied  to 
eject  liquids.  Small  ones  were  commonly  used  by  ancient  physicians  in 
administering  enemas ;  a  purpose  fur  which  they  are  stlU  used.  Large 
ones  were  recommended  by  Apollodorus  the  architect,  a  contemporary  of 
Pliny  and  Trajan,  as  a  substitute  for  tire  engines,  when  the  latter  were 
Dot  at  hand.  When  the  upper  part  of  &  house  was  on  fire,  and  no  ma- 
chine for  throwing  water  to  be  procured,  hollow  reeds,  he  observed, 
might  be  fastened  to  leathern  bags  filled  with  water,  and  the  liquid  pro- 
jected on  the  flames  by  compressing  them. 

As  the  current  of  wind  from  a  single  sack  or  bag,  necnssanly  ceased 
OS  soon  as  it  was  collapsed,  some  mode  of  rendering  the  blast  emUinuoiu 
was  desirable  ;  and  in  the  working  of  trim  indispensible.  The  most  ob- 
vious plan  to  accomplish  this  was  to  make  us 
them  so  that  one  might  be  inhaling  the  air,  w 
it — that  is,  as  one  was  distended,  the  other  r  ^ 
device  we  shall  find  was  very  early  adopted,  and  by  all  t 
mntiquity. 

But  by  far  the  most  important  improvement  on  the  primitive  bellows  or 
bag,  was  the  admission  of^  air  by  a  teparaU  opening — a  contrivance  that 
led  to  the  invention  of  the  rAi-TE,  one  of  the  most  essential  elements  of 
hydraulic  as  well  as  pneumatic  machinery.  The  first  approach  to  the 
ordinary  valve,  was  a  device  thai  is  still  common  in  the  bellows  of  some 
African  tribes.  A  bag  formed  of  the  skin  of  a  goat,  has  a  reed  attached 
to  it  to  convey  the  blast  to  the  fire  ;  and  the  part  which  covered  the  neck 
of  the  animal  is  left  open  for  the  admission  of  air.  This  part  is  gatkend  ttp 
ta  the  hand  when  the  bag  is  compressed,  and  opened  when  it  is  distended 


le  of  two   bogs,  i 

ind  to  work 

fbile  the  other  v. 

■as  expelling 

night   be  corapn 

»ssed.      This 

i 


An  improvement  upon  this  primeval  device  is  exhibited  in   the  bellowa 
c€  the  Fouloh  blacksmiths,  on  the  western  coasts  of  Africa. 
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of  two  caUbaalies  connected  together  by  twn  hollow  bambooa  or  reeds,  in- 
terred into  their  sidee,  and  united  at  an  ang'le  to  another  which  leads  to  the 
fire,  as  represented  in  the  figure.  A  large  opening  ia  made  on  the  top 
of  each,  and  a  cylindrical  bag  or  tube  made  of  Boit  gosta'  ckins  Btitched 
or  otherwise  secured  round  the  edges.  The  workman  seats  himself  on 
the  frround,  and  placing  the  machine  between  his  legs,  he  grasps  the  ends 
of  the  bags,  and  by  alternately  raising  each  with  the  mouth  open,  and 
pushing  it  into  the  calabash  when  doted,  the  air  in  the  latter  is  forced 
into  the  fire,  and  a  uniform  blast  maintained.  The  action  is  very  similar 
to  that  of  gathering  in  the  hands  the  lower  edges  of  two  hat  linings,  and 
constantly  drawing  one  out  and  thrusting  the  other  in. 

The  negroes  of  the  Qold  Coast  are  represented  to  have  other  kinds  of 
bellows.  The  principal  tools  of  their  smiths,  are  "a  hard  stone  for  an 
anvil,  a  pair  of  tongs  and  a  small  pair  of  bellows,  with  three  or  more 
pipes,  which  blow  very  strong— an  invention  of  their  own."  We  have 
not  been  able  to  find  any  description  of  these.  See  Grand  Gasetteer, 
Art.  Guinea  ;  and  Histoire  Generale,  tom.  v,  S14. 

Another  speciRS  equally  simple  but  more  eflicient,  is  common  in  Asia, 
Africa,  and  also  in  Wallachia,  Greece  and  other  parts  of  Europe.  The 
contrivance  for  admitting  tht:  air  is  an  improvement  upon  the  last,  but  tb« 
oriRce  is  stilt  opened  and  closed  by  the  fingers  of  the  blower.  Instead 
of  the  mouth  of  each  bag  being  drawn  up  in  the  hand,  it  is  stretched  out 
in  the  form  of  a  long  slit;  to  the  lips  of  which  two  strips  of  wood  are 
wwed.  The  inner  side  of  each  strip  is  made  straight  and  smooth,  so  that 
when  brought  together,  they  form  a  close  joint.  They  are  grasped  in 
the  middle  by  the  workman,  who  alternately  opens  them  when  he  raisea 
the  mouth  to  admit  the  air,  and  closes  them  when  he  expels  it. 

No.  102  represents  the  assiA- 
ant  of -a  Hindoo  blacksmith,  urg- 
ing his  fire  with  a  pair  of  these 
instruments,  (copied  from  the 
volume  of  plates  to  Sonnerat's 
Voyages.)  From  an  inspection 
of  the  figure,  it  will  be  perceived 
that  the  strips  facilitate  the  act  of 
compressing  each  bag,  by  their  ex- 
tending uuite  over  it.  as  well  as  by 
their  stinness;  in  these  respects 
they  may  be  considered  as  the 
nucleus  of  the  boards  in  the  com- 
mon bellows.  In  this  device,  the 
Mo.io^  Priniiin  B^iawi  sT  AiIl  tioftv  becomes  further  developed. 

Tu  similar  instruments,  Mr. 
Emerson  refers  in  his  'Letters  from  the  Egean.'  The  crew  of  a  Hy- 
driot  vessel  having  taken  her  ashore  at  Paros  to  repair  the  iron  clasp  of 
faer  rudder,  an  opportunity  occurred  of  examining  their  bellows.  Mr.  E. 
describes  them  as  "avery  antique  device,"  consisting  of  "  two  sheepskins, 
united  by  an  iron  pipe  introduced  into  the  fire,  which  were  alternately 
dilated  with  air  and  compressed,  by  an  Arab  slave  who  knelt  above 
them."  With  the  exception  of  their  not  being  made  of  bull's  hide  but  of 
sheepskin,  he  observes  they  would  completely  suit  the  description  of  the 
bellows  given  by  Virgil  in  the  Fourth  Georgic.  Blacksmiths  in  Ceyloa 
use  the  same  kind,  hut  made  of  bullocks'  hides,  and  furnished  with  not- 
»lea  of  bamboo.  The  blowe-  seats  himself  on  the  ground  between  the 
two  bigs,  and  works  them  with  his  hands,  pulling  up  one  and  pushing 
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down  the  other.  (See  a  figure  in  Davis'  history  of  that  isl&nd,  and  also 
in  the  Register  of  Ans,  vol.  i,  300.)  The  dmne»tie  bellows  of  Egypt  it 
nude  in  the  same  way,  and  probablv  has  always  been  so  ;  to  it.  Job  most 
likely  alluded,  (chap,  xx,  26.)  "  The  ordinai'y  hand  tellowa  now  used 
for  small  fires  in  Egypt,  (says  Mr.  Wilkinson)  are  a  sort  of  bag  niade  of 
the  skin  of  a  kid,  with  an  opening  at  one  end  like  the  mouth  of  a  comnjon 
carpet  bag,  where  the  skin  is  sewed  upon  two  pieces  of  wood;  and  these 
being  palled  apart  by  the  hands  and  closed  again,  the  bag  ia  pressed 
down  and  the  air  thus  forced  through  the  pipe  at  ibe  other  end." 

The  next  improvement  seems  to  have  been  that  by  which  the  slit  was 
superseded  by  a  flap  or  clack,  so  as  to  be  idf-actaig,  as  in  the  ordinary 
European  or  American  bellows — in  other  words  a  valve,  that  openttd  by 
the  pressure  of  the  atmosphere  when  the  bag  was  raiaed,  and  which  was 
closed  by  its  own  weight  or  by  the  elasticity  of  the  conKned  air.  Amoiig 
the  inlereating  discoveries  which  recent  examinations  of  Egyptian  monu- 
ments have  brought  to  light,  figures  of  auch  bellows  have  been  found 
sculptured  in  a  tomb  at  Thebes,  which  beara  the  name  of  Thothraes  III, 
one  of  the  Phan.ohs  who  was  contemporary  with  Mosea.  No.  103  repre- 
sonta  four  employed  at  one  fire,  each  pair  being  worked  by  the  hands  and 
feet  of  a  laborer,  and  in  a  manner  singularly  ingenious  and  effective ;  prov- 
ing that  the  Egyptians  of  those  timea  well  knew  how  to  combine  muscu 
lu  nnergy  with  Uie  weight  of  the  body  to  produce  a  maximum  effect. 


No.  103.    EfTiiiiu  Bolliiwiud  BcLlDwtBloirsn.    ISDO  D.  C. 

The  bags  were  secured  to  frames  or  to  the  ground,  and  appear  to  have 
had  rings  of  cane  within  them  to  keep  the  leaiher  extended  m  a  horizontal 
direction.'  A  separate  pipe  proceeded  from  eaclvto  the  fire.  The  valves 
or  clacks  are  not  shown  because  being  place.i  underneath  they  were  out 
of  sighL  In  working  them  a  laborer  stood  upon  two,  one  under  each 
foot,  and  taking  two  cords  in  his  hands,  the  lower  ends  of  which  were 
■ecared  to  the  top  of  the  bags ;  he  alternately  rested  hia  weight 
Upon  each  to  expel  the  air,  and  inflated  them  when  exhausted  by  pulhng 
tbe  cords;  thus  the  whole  weight  of  his  body  was  unintei-ruptedly  em- 
pViyed  in  closing  one  bellows,  while  the  musctitar  force  of  his  arms  was 
incessantly  engaged  in  opening  another.  We  question  if  a  more  umpla 
and  efficient  application  of  human  effort  can  be  produced. 

Such  bellows  were  used  in  Egyptian  kitchens,  and  were  i^eed  neces- 
sary when  the  massive  cauldrons  and  huge  joints  of  meat  boiled  in  them, 
are  considered.'  The  same  practice  oontiaoed  through  the  middle  ages, 
in  Europe,  whan  'bellows  blowers'  formed  part  of  the  establishment  of 
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royal  kitchens,  and  whose  duty  it  was  ''to  see  that  soup  when  on  the  fire 
was  neither  burnt  nor  smoked."*  Among  the  relics  that  formerly  be- 
longed to  Guy,  the  famous  Earl  of  Warwick,  is  a  cauldron  or  kitchen 
boiler,  made  of  bell-metal,  which  contains  120  gallons,  but  whose  capacity 
does  not  equal  that  of  more  ancient  ones>  To  the  old  custom  of  em- 
ploying persons  exclusively  at  ike  bellows,  as  in  the  preceding  cut,  Vir- 
gil alludes  in  the  following  line: 

One  stin  the  fire  and  one  the  bellows  blows.    £n.  viiL 

Every  modern  bellows  maker  would  be  convinced  from  an  inspection 
of  the  last  Bgures,  that  valves  were  employed,  since  the  instruments  could 
not  possibly  have  acted  without  them ;  but  all  doubts  respecting  an  ac- 
quaintance with  the  valve  in  those  remote  ages  when  the  sculptures  were 
executed,  is  removed  by  two  other  bellows  portrayed  in  the  same  tomb, 
and  shown  in  the  next  cut.     These  differ  from  the  preceding  and  were 


No.  104.    EffyptUa  Bellowi  in  um  b«fora  the  Exodu*. 

penhaps  intended  to  show  another  variety  of  the  instrument  as  made  m 
those  times.  Their  upper  surfaces  seem  to  have  been  of  wood,  in  the 
centre  of  which,  the  onfices  of  the  valves  are  distinctly  shown;  the  valves 
or  clacks  were  therefore  inverted,  as  in  our  ordinary  bellows  turned  up- 
side down.  To  persons  not  familiar  M^th  the  subject,  this  circumstance 
might  excite  surprise,  but  the  class  to  which  these  belong  have  almost  al- 
fcays  had  the  v»lve  in  the  maveahU  board ;  and  in  whatever  position  they 
were  used — whether  horizontally  as  in  these  figures,  or  vertically  as  in 
the  next.  In  Ceylon  and  other  parts  of  the  East  they  are  used  as  shown 
in  No.  104. 

But  are  not  both  bellows  in  the  last  cut  double-acting,  that  is,  impelling 
air  from  them  both  when  moved  up  as  well  as  when  pushed  downl  From 
the  figures  it  would  seem  that  such  were  intended ;  for  ttoo  pipes  are  rep- 
resented as  proceeding  from  each,  while  one  only  is  connected  to  those  in 
No.  103 ;  and  one  instrument  was  deemed  sufficient  to  occupy  one  la- 
borer—to this  there  possibly  may  be  an  allusion  in  the  l^nots  on  the  ends 
of  the  cords,  which,  in  the  hieroglyphical  language  of  Egypt  may  sig- 
nify the  greater  liability  of  slipping  through  the  hands,  m  consequence 
of  the  superior  force  required  to  work  them.  Indeed  four  different  bel- 
lows are  represented.  In  No.  103,  two  are  made  of  single  bags,  and  two 
of  double  ones,  as  appears  by  the  bands  around  them :  and  in  No.  104, 
one  is  round  like  the  lantern  bellows,  and  the  other  oblong,  both  kinds  of 
which  are  common  at  this  day  in  the  East;  and  both,  as  already  re- 
marked, seem  to  be  double  acting  like  those  of  our  smiths. 

This  variety  was  probably  designedly  introduced  into  the  sculptures  to 
aid  in  conveying  to  posterity  a  knowledge  of  the  state  of  the  arts  at  that 
time  in  Egjipt  The  circumstance  is  an  interesting  one,  and  should  lead 
to  a  more  thorough  examination  of  those  wonderful,  those  eternal  records 
of  the  arts  and  sciences  of  past  ages,  than  has  ever  been  given  them ;  not 
only  every  group  but  every  figure  among  the  millions  imprinted  on  th 
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imperishable  pages,  deserves  not  merely  to  be  scrutinized,  but  accurately 
eopicd.  Many  of  them  are  fraught  with  information  of  the  highest  in- 
terest to  the  arts ;  and  whether  the  mass  of  hieroglyphical  records  be  ever 
understood  or  not,  there  is  no  difficulty  in  comprehending  the  most  in- 
teresting of  these. 

One  of  the  figures  in  the  last  illustration  is  obviously  a  modification  of 
the  jld  lantern  bellows  (so  named  from  its  resemblance  to  the  papei 
lantern,  still  common  in  Egypt:)  they  consist  of  two  circular  boards 
anited  to  the  ends  of  a  cylindrical  bag  of  flexible  leather.  In  the  centre 
of  one  board  is  an  opening  covered  by  a  flap  opening  inwards,  and  to  the 
other  the  tuyere  is  attached.  In  working  them,  the  board,  through  which 
the  air  is  admitted,  is  moved,  and  the  other  kept  stationary.  They  are 
quite  common  in  Asia,  Egypt,  and  generally  throughout  the  oriental 
world;  and  appear  to  have  undergone  no  change  whatever,  either  in  their 
materials,  form,  or  modes  of  working  them,  since  the  remotest  times: 
even  working  them  by  the  feet,  as  practiced  by  Egyptians  under  the  Pha- 
raohs, is  still  common  at  the  native  iron-forges  of  Ceylon.  Dr.  Davy  in 
his  account  of  that  island  has  given  a  figure  of  them,  a  copy  of  which  is 
inserted  in  the  Register  o£  Arts  for  1828,  page  267:  the  cords  for  raising 
them  are  attached  to  an  elastic  stick,  instead  of  being  held  in  the  hands 
as  in  the  two  last  cuts. 

They  are  used  by  modern  blacksmiths  of  Egypt  in  a  horizontal  position^ 
(as  in  the  next  figure)  and  worked  by  an  upright  lever,  which  the  assist- 
ant pushes  from  and  draws  towards  him.  M.  P.  S.  Girard  has  given  a- 
figure  and  description  of  them  in  the  Grande  Description^  tom.  ii,  E.  M. 
p.  618,  planche  21.  He  observes  that  the  coppersmiths  of  Cairo  and 
Alexandria  use  the  same;  and  further  that  they  are  common  in  the  inte- 
rior of  Africa:  "leur  forme  est  probablement  tres  ancienne.  II  rdsulte 
en  effet  de  quelques  reseignemens  que  m'ont  donnas  des  marchands  venuB 
avec  les  caravanes  de  D4rfour,  que  des  soufllets  de  la  m6me  forme  sont 
employ d  par  les  peuples  de  Vinterieur  de  VAfriqueJ^ 

Lantern  bellows  were  formerly  common  in  Europe.  They  were  em- 
ployed in  old  organs.  See  L'Art  du  Facte ur  d'Orgues,  Arts  et  M dtieres, 
p.  667,  plates  132  and  135.  Sometimes  the  blowers  had  their  feet  fixed 
upon  the  upper  boards,  and  holding  by  a  horizontal  bar  they  inflated  one 
bellows  by  raising  one  foot,  and  compressed  the  other  by  pushing  down 
the  other  foot  (Encyc.  Antiq.)  The  scabilla  of  the  Romans  were  small 
bellows  of  the  same  kind,  one  of  which  was  attached  to  one  foot  for  the 
purpose  of  beating  time,  and  with  castanets  were  used  to  animate  dancers. 
Several  are  figured  by  Montfaucon.  The  ancients  varied  the  form  of  the 
bellows  almost  infinitely  in  adapting  them  to  various  purposes.  Some 
were  attached  to  altars  to  aid  in  the  combustion  of  victims  :  one  for  this 
purpose  is  represented  on  one  of  the  Hamilton  vases.  Lantern  bellows 
were  also  common  in  European  blast  furnaces.  No.  105  shows  their  ap- 
plication to  this  purpose,  copied  from  the  De  Re  Metallica  of  Agricola. 
similar  bellows,  except  the  boards  being  of  an  oblong  form  like  the  one 
in  103,  are  common  in  Hindostan,  and  worked  by  hand  as  in  the  next 
figure,  but  without  any  frame  to  support  them;  the  blower  kneels  and 
works  them  in  nearly  a  vertical  position.  See  a  figure  in  Shoberl's  Hin- 
dostan, vol.  V,  p.  9. 

The  bellows  of  Vulcan  were  probably  of  the  same  kind.  Those  repre^ 
tented  in  tom.  i,  p.  24,  of  Montfaucon's  Antiquities,  appear,  from  that 
portion  of  them  which  is  seen  projecting  from  the  back  of  the  forge,  to 
oe  identical  with  those  in  No.  105,  and  worked  in  precisely  the  same 
way.     In  plate  xx,  on  Painting,  of  D'Agincourt's  History  of  the  Fine 
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ArU,  whicb  contains  some  illustntions  of  the  Eneid,  executed  in  the  4th 
uid  i!th  centuries,  Vulcan's  forge  is  represented  and  the  belluws  blown 
behind  it,  apparently  with  the  same  kind  of  iostrument  as  here  thowa. 


No.  109.    LuMn  Bdlnn  Ihn  Afneata 

That  Vulcan's  bellows  were  not  permanent  fixtures  u  those  of  oar 
smiths  are,  but  were  similar  to  those  figured  above,  appears  from  their 
having  been  laid  aside  when  not  in  use,  in  common  with  other  implements 
of  the  forge  ;  a  practice  usual  at  the  present  time  in  various  parts  of 
the  east:  and  we  may  add  that  like  modem  blacksmiths  of  Asia,  he  tat  at 
work.  Thus,  when  his  wife  Gharis  informed  him  of  the  arrival  of  Tketia 
U  their  dwelling,  he  replied  ; — 

Huts,  then,  and  hoipitiiblf  apresd  Ihe  bosrd 

For  h«r  refills,  nhile  with  my  b«*t  despstch 

I  laf  m§  Mtnst  and  ni/  looli  anfc. 

He  makt,  and  vast  in  bnik  ud  hot  with  toil, 

Aon  limping  from  his  invil-rtock. 

Upborne  with  pain  on  lega  tonuoaa  and  weak : 

Pint,  from  the  forge  dislodg'd  he  Anuli^mTt 

Hii  Mtngt,  and  his  iDola  collecting  all. 

Bestowed  them  careful  in  a  lilver  chest. 

And  when  he  subsequently  returned  to  make  the  armor  which  Thetis 
required  for  her  son,  he 


.cnti_CM7*'. 

A  singular  circumstance  is  related  by  Herodotus,  which  shows  that  the 
same  mode  of  obtaining  a  continuous  blast,  viz.  by  two  bellows,  (and  in  all 
probability  by  the  same  kind  as  those  above  figured)  was  employed  by 
blacksmiths  in  ancient  Greece.  The  Lacedemonians  having  been  repeat- 
edly defeated  by  the  Tegeans,  sent  an  embassy  to  the  Delphic  oracle,  to 
ascertain  the  means  by  which  they  could  overcome  them.  The  Pythian 
assured  them  of  success  if  they  recovered  the  body  of  Orestes,  the  son 
of  Agamemnon,  which  had  been  buried  several  centuries  somewhere  in 
Arcaaitt,  the  land  of  their  enemies.  Being  unable  to  discover  the  tomb 
they  sent  a  second  time  to  inquire  concerning  the  place*  of  bis  iDterment, 
when  they  received  the  following  answer* 
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A.plBia  wilhin  th'  Arcidim  land  I  kaow. 

Where  dotMt  mtdi  with  fontd  eiertion  b  ow. 

Wtiere  rortn  to  rorm  with  mulunl  itrength  replJM, 

Ami  ill  b;  other  ii''  tnpported  Uc»j 

That  eaiih  eonuini  the  grent  Airidei'  md; 

TaJie  him  and  couquer  :  Tegea  th«n  i«  nan. 
On  the  receipt  of  this,  search  was  again  made  for  the  body  without  ^nier-' 
miiMion,  and  at  last  it  was  discovered  in  a  singular  luanaer.  At  the  tliae  a 
commercial  intercourse  existed  between  the  two  countries,  a  Spartan  cav- 
alry officer,  named  Lichas,  being  in  Tegea,  happened  to  visit  a  smith  at  his 
forge,  and  observing  with  particular  cariosity  the  process  of  working  the 
iron,  the  smith  desisted  from  his  labor  and  addressed  him  thus:  "Stranger 
of  Sparta,  you  seem  to  admire  the  art  which  you  contemplate;  but  how 
much  more  would  your  wonder  be  excited,  if  you  knew  all  [hat  I  am  able 
to  communicate!  Near  this  place,  as  I  was  sinking  a  well,  I  found  a 
coffin  seven  cubits  long.  I  never  believed  that  men  were  formerly  of 
larger  dimensions  than  at  pretent,  but  when  I  opened  it,  I  discovered  a 
body  equal  in  length  to  the  coffin — 1  correctly  measured  it,  and  placed  it 
where  I  found  it."  Licha«,  after  hearing  this  relation,  was  induced  to 
believe  that  this  might  be  the  body  of  Orestes,  concerning  whicli  the 
oracle  had  spoken.  Ha-  was  further  persuaded,  when  he  recollected 
that  the  beUoviM  of  the  smith  might  intimate  the  tu>0  vrindt;  the  anvil  and 
the  hammer  might  express  one  form  opposing  another;  the  iron  also, 
which  was  beaten,  might  signify  ill  succeeding  ill,  rightly  conoeiving  that 
the  use  of  iron  operated  to  the  injury  of  mankind.  The  result  proved 
the  sagacity  of  the  Spartan ;  the  body  was*  recovered,  and  finally  the 
Tegeana,  aays  Herodotus,  were  conquered.     Clio,  C7,  68. 


ITa.  VM  DiMbk  tuum  Ballowi  romp.  Ns.  lOt.  Bin^  rerglif  Fof. 

The  application  of  lantern  bellows  as  forcing  pumps  is,  without  doubt,, 
of  great  antiquity  :  their  adaptation  to  raise  water  was  too  obvious  not  to 
have  been  early  perceived,  and  hence  we  infer  that  they  were  at  least  oc- 
casionally emploved  for  that  purpose  by  most  of  the  nations  of  old.  Such 
pumps  are  mentioned  in  old  works  on  hydraulics  j  but  as  they  have  never 
31 
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come  into  general  use,  even  in  roodem  times,  a  particular  account  of  them 
previous  to  the  art  of  printing,  is  not  to  be  expected.  A  writer  i^  the 
Grande  De&criptian  of  Egypt,  describing  the  smith's  bellows  of  that  coun- 
try, observes  : — '*  Ces  sortes  de  soufflets  ^toient  employes  verticalemeot 
dans  le  seizieme  si^cle  tant  pour  animer  le  feu  des  forges  que  pour  slever 
V  eaUf  soit  en  rarefiant  I'air  soit  en  le  comprimant ;  ils  sont  decrits  dans 
I'onvrage  de  Ramelli,  imprim^  en  1558." 

No.  106  represents  a  double  lantern  bellows- pump,  as  used  in  the  16th 
century.  The  mode  of  its  operation  is  too  obvious  to  require  detailed 
description.  As  one  bellows  is  distended  by  working  the  lever,  the  at- 
mosphere drives  water  up  the  suction-pipe  into  its  cavity ;  and  the  other 
at  the  same  time  being  compressed,  expels  its  contents  through  the 
ascending  or  forcing  pipe :  the  valves  at  the  lower  part  of  the  latter,  and 
those  over  the  orifices  of  the  two  branches  of  the  suction-pipe  opening  and 
closing,  as  shown  in  the  figure.  There  is  a  pump  similar  to  this,  bat 
geared  in  a  different  manner,  in  Hachette*s  Traite  biementaire  des  machi- 
nes. Panin,  in  a  way  to  raise  water,  which  he  proposed  enigmatically 
in  the  Philosophical  Transactions  in  1685,  used  the  lantern  bellows  as  a 
forcing-pump.  In  a  solution  by  another  writer,  it  is  said : — "  A  vessel 
made  like  the  body  of  a  pair  of  bellows,  or  those  puffs  heretofore  used  by 
barbers  being  filled  with  water,  a  piece  of  clockwork  put  under  it,  may 
produce  the  jets."  Phil.  Trans.  Abridg.,  vol.  i.  539.  A  similar  appli- 
cation of  the  bellows  was  described  in  Besson's  Theatre,  in  1579,  the 
moveable  board  being  impelled  by  a  spring. 

No.  107  is  another  example  of  bellows  forcing-pumps.  It  consists 
of  the  frictionless  piston  of  Gosset  and  Deville,  (No.  S3,)  but  wiiSout  a 
yalve ;  a  forcing  or  ascending  pipe,  having  its  lower  orifice  covered  by  a 
valve,  is  attached  to  the  cylinder  below  the  piston.  Pumps  of  this  kind 
have  also  been  made  double  acting,  by  passing  the  piston  rod  through  a 
stuffing  box  on  the  top  of  the  cylinder,  and  by  a  double  set  of  valves 
arranged  as  in  the  pump  of  La  Hire. 

Of  late  years  machines  like  those  figured  in  the  two  last  cuts,  have  been 
reintroduced  into  Europe  and  this  country. 

Although  we  have  not  heard  qf  any  one  having  run  out  of  his  wits  for 
joy  at  their  discovery,  like  the  blacksmith  mentioned  by  Cardan,  we  have 
heard  of  some  who  were  nearly  in  that  predicament  from  disappointment 
in  having  found  themselves  anticipated.  A  few  years  ago  they  were  an- 
nounced in  this  city  as  a  new  and  very  important  discovery ;  and  several 
gentlemen  allowed  their  names  to  go  abroad  as  vouchers  of  their  origina- 
lity and  superiority  over  the  common  pump. 

The  proofs  of  the  antiquity  of  many  of  our  ordinary  utensils  are  derived 
from  j'epresentations  of  them  on  vases,  candelabra,  and  other  works  of 
art  that  have  come  down.  Of  this,  the  domestic  bellows  is  an  example ; 
the  only  evidence  of  its  having  been  known  to  the  Greeks  or  Romans, 
is  furnished  by  a  lamp  ;  but  for  the  preservation  of  which,  it  might  have 
been  deemed  a  modern  invention.  Of  no  other  article  of  ancient  house- 
hold furniture  are  more#pecimens  extant  than  of  lamps,  and  not  a  little  of  the 
public  and  private  economy  of  the  ancients  has  been  illustrated  by  them. 
AmcTig  those  in  private  collections  and  public  museums,  are  some  that 
were  once  suspended  in  temples,  others  that  illuminated  theatres  and 
baths — ^that  decorated  the  banqueting-rooms  of  wealthy  patricians,  as  well 
as  such  as  glimmered  in  the  dwellings  of  plebeians ;  the  former'  are  of 
bronze,  elaborately  wrought  and  enriched,  the  latter  mostly  of  earthen- 
ware. The  fertility  of  conception  displayed  in  these  utensils  is  wonderful. 
All  nature  seems  to  have  been  ransacked  for  devices,  and  in  modifying 
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di«m,  the  iRMginations  of  the  designers  ran  perfectly  wild  ;  while  many 
are  in  their  forms  and  decorations  exquisitely  chusio,  others  are  bizurre 
Knd  aonie  are  obscene.  There  is  one  of  bronze  on  which  an  individual  is 
represented  blowing  the  flame  with  his  mouth,  as  In  the  act  of  kindUng  a 
fire;  and  in  another  the  artist  has  introduced,  as  an  appropriate  embellish- 
ment, a  person  performing  the  same  operation  with  a  pair  of  bellows,  of 
precisely  the  same  form  as  those  in  our  kitchens.  No.  lOB  is  a  figure  of 
tfaia  lamp,  from  the  5th  volume  of  MontfaucoD'i  Antiquities. 


KdJOB.  B*Uo»  ttmi  m  ■  &obu  Lup.  Ho.  lOtL  Bdlni  Fordif  Fmpi  fnun  KlrebH. 

An  example  of  tho  application  of  such  bellows  as  atmospheric  pumps 
has  already  been  given,  page  807.  The  adjoining  figure  (No.  109)  is  copied 
from  Kircher's  Mundus  Subterraneus,  torn,  i.,  p.  230,  Amsterdam,  16G5  : 
it  represents  two  large  bellows  employed  as  sucking  and  forcing  pumps, 
being  worked  by  a  water  wheel,  to  the  axis  of  which  tho  crank  repre 
sented  was  attached. 

Bellows  like  the  last  and  worked  in  a  similar  manner,  were  among  an- 
cient devices  for  ventilating  mines  i  the  various  modes  of  adapting  them 
to  the  purpose  may  be  adduced  as  another  example  of  their  analogy  to 
pumps.  Sometimes  they  were  used  to  force  down  fresh  air  in  sufljcient 
quantities  to  render  the  impure  and  stagnant  atmosphere  below  respira- 
ble;  at  others  they  drew  the  foul  air  up.  In  the  first  case,  they  were 
placed  near  the  mouth  of  the  shaft,  a  pipe  was  attached  to  the  nozzle  and 
continued  down'to  the  place  where  the  miners  worked,  and  when  the  bel- 
lows were  put  in  motion,  currents  of  fresh  air  were  supplied.  In  the 
latter  case,  the  pipe  was  connected  to  the  opening  in  the  under  board,  i.  e. 
to  the  aspirating  valve,  through  which  the  impure  air  was  draivn,  and 
then  expelled  out  of  the  nozzle  ;  but  in  this  case  an  expiring  valve  was 
required  in  the  nozzle,  opening  outwards  to  prevent  air  from  entering 
through  it  when  the  bellows  were  again  distended.  The  same  result  was 
sometimes  obtained  in  the  following  manner  ;  An  opening  wa.s  made  and 
covered  by  a  valve  in  the  upper  board  instead  of  the  lower  one,  and 
when  the  bellows  were  distended,  the  impure  air  rushed  up  the  pipe 
which  was  attached  to  the  nozzle,  and  was  expelled  through  the  opening 
covered  by  the  flap  when  the  bellows  were  closed.  Several  Rgures  re- 
presenting these  and  other  applications  of  bellows  are  given  by  Agricola. 

Gnguet  observes  that  draft  furnaces  were  probably  invented  early, 
ill  httlawa  leere  not.  We  should  suppose  the  reverse  was  the  fact ;  for 
•■be  advantages  of  an  artificial  blast  must  have  been  obvious  from  the  first 
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use  of  fire,  and  naturally  led  to  the  use  of  the  nioat&  to  blow  it,  then  iIib 
reed,  sack,  and  subsequently  a  slit  or  valve  in  tbe  latter,  would  follow  m 
■n  almoit  nrceBSBry  sequence ;  and  lon^  before  the  idea  of  increasing  thu 
intensity  of  heat  by  flues  or  chinoDeys  could  have  been  tliought  of.  No 
natural  occurrence  could  have  led  to  tbe  invention  of  these  befoie  the 
other,  nor  ha*  there,  as  yet,  been  found  any  account  or  repreMOIAtion  ot 
draft  furnaces  of  equal  antiquity  with  those  of  bellow*. 


CHAPTER     II. 


Thb  bellows  deBcribed  in  tlie  last  chapter  are  all  formed  of  leather  oi 
skins,  and  are  obvious  modifications  of  the  priniitive  bag  or  sack ;  the 
wooden  ends  af  some  of  them  bein^  adopted  merely  to  fecilitate  their 
distension  and  collapsion.  From  the  simplicity  of  their  construction  and 
general  eAiciency  they  still  retain  a 
place  in  our  workshops  and  dwell- 
ings, and  are  in  no  danger  of  being 
replaced  by  modem  substitutes  ; 
I  but  the  ingenuity  of  ancient  bellows 
makers  was  not  exhausted  on  these, 
for  they  had  others,  differing  botli 
in  form,  materials  and  mode  of  ac- 
tion j  viz:  pUtom  bflloioti  machines 
identical  with  cylindrirad  forcing- 
pumps.  At  what  time  these  were 
lirst  devised  we  have  no  account ; 
but  as  they  are  described  by  Vitru- 
vius,  in  his  account  of  hydi-aulic  or- 
gans, without  the  slightest  inrima- 
tion  of  their  being  then  of  recent 
dale,  they  may  safely  be  classed 
among  those  invenUons,  the  origin 
of  which  is  too  remote,  to  be  cU^ 
covered. 

No.  1 1 0  represents  a  person  work- 
ng  two  of  them  to  supply  \vind  for 
a  water  organ,  from  llarbaro's  Vi- 
truvius,  Venice,  1567.  They  aresub- 
N*no.R™Pi.u.iwk™.  fitannallythe  «.me  as  thopw  figured 

by  Perrault   and    Newton   in  their 
tnuulations,  and  ty  Kircher  in  his  Musurgia  Universalis,  (torn,  ii,  332.) 


Tlie  blower,  by  alternately  raising  one  piston  and  depressing'  the  other, 
pumped  air  into  a  large  reservoir:  this  was  an  open  vessel  inverted 
into  another  containing  water,  and  as  the  air  accumulated  in  the  former, 
the  liquid  was  gradually  displaced  and  rose  in  the  latter,  as  in  a  gas 
bolder.  It  was  the  constant  pressure  exerted  by  this  displaced  water 
that  urged  the  air  through  the  pipes  of  the  organ,  whenever  the  valves  for 
its  a/bnission  were  opened.  The  question,  perhaps  may  be  asked,  Why 
did  the 'ancients  prefer  these  bellows  in  their  organs  to  those  formed  of 
leather  and  boaros,  such  as  are  ficpired  at  Nos.  105,  108,  109  ]  Probably 
because  the  pressure  ^^quired  to  be  overcome  in  forcing  air  into  the  reser* 
▼oirs  was  greater  than  die  form  and  materials  of  the  latter  could  safely 
bear.  It  is  very  obvious  from  the  brief  description  of  tiie  piston  bellows 
of  the  Romans,  that  they  were  calculated  to  produce  much  stronger  blasts 
than  could  be  obtained  from  those  made  of  leather.  Vitruvius  informs  us 
that  the  cylinders  and  valves  were  made  of  hroM,  and  the  pistons  were 
accurately  turned  and  covered  (or  packed)  with  strips  of  unshorn  sheep- 
skins.    They  seem  to  have  been  perfect  condensing  air-pumps. 

A  figure  of  an  ancient  hydraulic  organ  is  preserved  on  a  medal  of  Val- 
entinian :  two  men,  one  on  each  side,  are  represented  as  pumping  and 
listening  to  its  music.  This  medal  is  engraved  in  the  third  volume  of 
Montfaucon's  Antiquities,  (plate  26,)  but  the  piston  rods  only  are  in  sight ; 
the  top  of  the  cylinders  being  level  with  the  base  on  which  the  blowers 
stand. 

As  piston  bellows  were  known  in  the  old  world,  it  might  be  supposed 
they  would  still  be  employed  in  those  parts  of  the  East  where  the  arts 
and  customs  of  former  ages  have  been  moic  or  less  religiously  retained. 
Such  is  the  fact ;  for  like  other  devices  of  ancient  common  life,  they  are 
used  by  several  of  the  half  civilized  tribes  ;?t  Asia  and  Africa — people, 
among  whom  we  are  sure  to  meet  with  numerous  primitive  contrivances, 
embodied  in  the  same  rude  forms  and  materials  as  they  were  before 
Grecian  taste  or  Roman  skill  improved  them.  It  is  chiefly  to  the  in- 
cidental observations  of  a  few  travelers  that  we  are  indebted  for  a  know- 
ledge of  these  implements  in  modem  days ;  but  when  the  times  arrive 
for  voyages  of  discovery  to  be  undertaken  for  the  purpose  of  describing 
the  machines,  manufactures  and  domestic  utensils  of  the  various  nations- 
of  the  earth ;  (undertakings  of  equal  importance  with  any  other,)  these 
bellows  and  their  numerous  modifications  will  furnish  materials  for  a  chap- 
ter in  the  history  of  the  useful  arts  that  will  be  replete  with  interesting 
information.  As  they  are  clearly  identified  with  the  forcing-pump,  an 
account  of  some  of  them  will  not  be  out  of  place. 

Dampier  thus  describes  the  bellows  used  by  the  blacksmiths  of  Mif^ 
danao.  "  They  are  made  of 'a  wooden  cylinder,  the  trunk  of  a  tree,  about 
three  feet  long,  bored  hollow  like  a  pump,  and  set  upright  on  the  ground; 
on  w^hich  tlie  fire  itself  is  made.  Near  the  lower  end  there  is  a  small  hole 
in  the  side  of  the  trunk  next  the  fire  made  to  receive  a  pipe ;  through 
w^hich  the  wind  is  driven  to  jhe  fire  by  a  great  bunch  of^  fine  feathers, 
fastened  to  one  end  of  a  stick,  which  closing  up  the  inside  of  the  cylinder, 
drives  the  air  out  of  the  cylinder  through  the  pipe.  Two  of  these  trunks, 
or  cylinders,  are  placed  so  nigh  together,  that  a  man  standing  between 
them  may  work  tnem  both  at  once,  one  with  each  hand."*  Here  we  have 
both  the  single  and  double  chambered  forcing-pump;  and  althouj?h  Dam- 
pier  };as  not  noticed  the  valves,  the  instruments  were  certainly  lurnished 
with  them,  or  with  some  contrivance  anali«gous  to  them,  but  being  out  of 

*  Dampier's  Voyages,  L  332. 
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Big'ht,  ware  left  unnoticed  by  that  intelligent  swlor.  TTie  bellows  of  MaJa- 
gimcar,  says  Sonnerat,  "  is  composed  of  the  hollow  trunks  of  two  trcet 
tied  together.  In  the  bottom  there  are  two  iron  iannels,  and  ir  the  inside 
of  each  trunk  a  sucker  furnished  with  raSia,  which  supplies  the  place  of 
tow.  The  Hjiprentice,  whose  business  it  is  to  use  thig  machine,  alternately 
sinks  one  of  uie  suckers  while  he  raises  the  other. "_^  Similar  implements 
ai*  also  used  in  smelting  iron  as  well  as  in  forging  it  In  the  first  volfime 
of  Ellis's  "  History  of  Madagascmr,"  Lon.  1838,  there  is  a  representation 
of  two  men  reducing  iron  ore  by  means  of  four  piston  bellows.  No.  Ill 
is  a  copy. 


The  furnace  is  described  as  a  mere  hole  dug  in  the  ground,  lined  wilh 
rude  stonework  and  plastered  with  clay.  It  was  filled  with  alternate 
layers  of  charcoal  and  ore,  and  covered  by  a  conical  roof  of  clay,  a  small 
opening  being  left  at  the  apex.  The  bellows  werti  formed  of  the  trunki 
of  trees,  and  stood  five  feet  above  the  ground,  in  which  they  were  firmly 
imbedded.  The  lower  ends  were  closed  "  air  tight,"  and  a  short  bamboo 
tube  conveyed  the  wind  from  each  to  the  fire,  as  represented.  "  A  rude 
sort  of  piston  is  fitted  to  ea^h  of  the  cylinders,  and  the  apparatus  for  rais- 
ing the  wind  is  complete."  As  no  mention  is  made  of  valves  nor  of  the 
openings  through  which  sir  entered  the  cylinders,  it   is  probable  that   the 

Sistons  were  perforated  for  that  purpose,  and  the  passages  covered  by 
apB  or  valves  opening  downwards,  a  device  which  Uie  artificers  of 
Madagascar  are  ai-ijuainied  with.  See  No.  114.  These  bellows  are  of 
various  sizes,  though  generally  from  4  to  6  inches  in  diameter.  Sometimes 
only  one  is  used,  but  it  is  then  made  of  larger  dimensions,  and  the  blower 
UanSs  and  works  it  with  both  his  hands.  To  do  it  conveniently,  he  raises 
hiniEelf  on  a  bank  of  earth.  The  bellows  are  not  always  perpendiculw, 
but  are  inclined  as  figured  in  the  back  ground  of  the  cut. 

kRaniwrsi'i  Vovikm.  UL  38. 
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The  blacksmiths  o{  Java  use  the  same  kind.  Raffles,  in  his  History  ot 
^tc  Island,  (2  voL  193,)  after  quoting  Dampier's  description  of  tlie  bel- 
lows of  Mindanao,  observes  his  account  "exactly  corresponds"  with 
that  of  Java.  *'The  blacksmiths'  bellows  oi  Sumatra^^  says  Mr.  Marsdcn. 
'*  are  thus  constructed  :  two  bamboos  of  about  four  inches  diameter  an<? 
five  feet  in  length,  stand  perpendicularly  near  the  fire,  open  at  the 
upper  end  and  stopped  below.  About  an  inch  or  two  from  the  bottom  a 
small  joint  of  bamboo  is  inserted  into  each,  which  serve  as  nozzles,  point- 
ing to  and  meeting  at  the  fire.  To  produce  a  stream  of  air,  bunches  of 
feathers,  or  other  soft  substance,  are  worked  up  and  down  in  the  upright 
cubes  like  the  piston  of  a  pump.  These,  when  pushed  downwards,  force 
the  air  through  the  small  horizontal  tubes ;  and  by  raising  and  sinking 
each  alternately,  a  continual  current  of  air  is  kept  up.*'^  The  Bashee 
Islanders  use  the  same  kind  of  bellows.'  The  smiths  of  Bali  have  them 
also :  "  their  instruments  are  few  and  simple,  their  forge  small,  and 
wx>rked  by  a  pair  of  upright  bellows,  such  as  we  find  described  in  Raf- 
fles' Java  "*  They  are  not  confined  to  southern  Asia  and  the  Ethiopian 
Archipelago,  but  are  used  in  continental  Africa.  *'  The  bellows  of  the 
negro  artificers  on  the  Gambia^  are  a  thick  reed  or  a  hollow  piece  of  wood, 
in  which  is  put  a  stick  wound  about  with  feathers,  [a  piston,]  which  by 
moving  of  the  sdck,  makes  die  wind."' 

Without  entering  into  the  controversy  respecting  the  origin  of  wooden 
bellows,  it  may  be  inferred  from  the  prece<Iing  extracts,  that  such  have 
been  in  use  from  remote  times ;  and  that  the  cylindrical  forcing-pump,  so 
far  as  regards  the  principle  of  its  construction,  is  equally  ancient :  of  this, 
the  instrument  now  to  be  described,  afibrds  another  indication.  It  is  the 
bellows  of  the  most  numerous  and  most  singular  of  all  existing  people-^ 
a  people,  the  wisdom  of  whoso  government  has  preserved  them  as  a  na- 
tion, through  periods  of  time  unexampled  in  the  history  of  the  world,  and 
^rhich  still  preserves  them  amidst  the  prostration  by  European  cupidity  of 
nearly  all  the  nations  around  them ;  a  people,  too,  who  notwithstanding 
aJl  that  our  vanity  may  suggest  to  depreciate,  have  furnished  evidence  of 
an  excellence  in  some  of  the  arts  that  never  has  been  surpassed.  Tho 
^ChxMst^  like  the  ancient  Egyptians,  whom  they  greatly  resemble,  ]^ave 
been  tlie  instructors  of  Europeans  in  several  of  the  useful  arts ;  but  the  pu- 
pils,  like  the  Greeks  of  old,  have  often  refused  to  acknowledge  the  source 
whence  many  inventions  possessed  by  them  were  derived,  but  have 
claimed  them  as  their  own :  of  the  truth  of  this  remark,  we  need  only 
mention  printing,  the  mariner's  campoM,  and  gunpwvder. 

In  the  bellows  of  the  Chinese,  we  perceive  the  characteristic  ingenuity 
and  originality  of  that  people's  inventions.  A  description  and  figure  of  their 
bellows  were  published  in  London,  1757,  by  Mr.  Cfhambers,  in  a  work  en- 
titled ''  Designs  of  Chinese  Buildings,  Furniture,  Dresses,  Machines  and 
Utensils,  from  drawings  made  in  China."  The  following  account  from 
the  fourth  volume  of  the  "  Chinese  Repository,"  a  very  interesting  work 
published  at  Canton  in  China,  is  substantially  the  same.  "  The  bellows 
used  by  them  is  very  aptly  called  *  Fung  Sedng,  *  wind  box,'  and  is 
contained  in  an  oblong  box  about  two  feet  long,  ten  inches  high,  and  six 
inches  wide.  These  dimensions,  however,  vary  according  to  the  whim  of 
the  maker,  and  they  occur  from  eig/t-t  inches,  to  four  feet  or  more  in  length, 
and  so  of  the  width  and  height.  The  annexed  profile  view  will  give 
fome  idea  of  the  principle  upon  which  it  is  constructed." 

History  of  Sumatra,  p.  181.     '  Dampier's  Voyages,  i.  429.    •  Chinese  Repositonr 

iv.  455.     f  OgiWfB  Africa,  Lon.  1670,  p.  356. 
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"  A,  B,  C,  T),  u  a  box  divided  into  two  chambera  mt  tte  line  O  H.  lo 
the  upper  on«  i<  the  piatoD  E,  which  is  moved  backwardB  and  Ibrwftfda 
by  means  pC  the  handles  attached  to  it;  and  is  made  to  fit  cloeel;  by 
"  means  of  leather  or  paper. 

The  lid  of  the  box  glides 
apOD  the  top,  and  is  guIH- 
ciently  thick  to  allow  the 
workinan  to  labor  npon  it 


S 


f 


If  »(C.  J^  At    F  J    m    ....    . 

1(1  ^  holes  each  covered  with  a 

valve ;     and    jnat    below 
N*in.  8«th»af.cu».BM«^  them,  atO  H  in  thedi.i- 

■lon  of  the  two  chambers,  axe  larger  holes,  for  the  entrance  of  L""* 
wind  into  the  lower  chamber.  This  part  of  the  bellows  is  made  of  a 
thick  plank,  hollowed  into  an  ovoid  form,  and  is  about  sn  inch  thick. 
The  clapper  O  is  fastened  to  the  back  side  of  the  box,  and  plays  hori- 
sonially  agunst  the  two  stops  placed  near  the  mouth  I.  It  is  made  as 
high  as  the  chamber,  and  when  forced  against  the  stop,  it  entirely  closes 
the  passage  of  sir  beyond.  When  the  piston  is  forced  inwards,  as  repre- 
sented in  the  cut,  the  valve  at  F  is  closed,  and  that  at  J  u  opened  ;  and 
thus  the  upper  chamber  is  constandy  filled  with  air.  The  wind  driven 
into  the  lower  chamber  by  the  piston  urges  the  clapper  G  against  the 
nop,  and  is  consequently  forced  oat  at  the  mouth.  The  stream  of  air  is  unin- 
terrupted, but  not  equable,  diough  in  the  large  ones  tlie  inequality  is  hardly 
perceived.  An  iron  tube  is  sometimes  atta^ed  to  the  mouth  which  leads 
to  the  furnace,  and  in  other  cases  the  mouth  itself  is  made  of  iron."  The 
Chinese  generally  use  them  in  an  inclined  or  horizontal  position,  freqaendy 
making  use  of  the  upper  side  as  a  work  bench.  In  the  figure  (and  the 
•jne  given  by  Chambers)  two  rods  are  connected  to  the  piston  to  prevent 
It  from  springing  when  used  :  this  appears  to  be  the  practice  with  regard 
lo  those  of  large  dimensions.  In.  small  ones  a  single  rod  is  somedmoit  used, 
and  the  chamber  is  cyUndrical.  In  the  collecuon  of  M.  Bertin,  (a  French 
minister  and  secretary  of  state  ih  the  former  part  of  the  last  century,) 
which  contained  "  about  400  original  drawings,  made  at  Fokin,  of  the* 
arts  and  manufactures  of  China  "  a  portable  and  tiiigU-aetiiig  bellows  is 
represented  as  in  the  next  figure.* 

"  This  instmment  ia 
made  like  a  box  in 
which  is  a  pisloa,  so 
constructed  uiat  when 
it  is  drawn  out  behind, 
the  vacuum  which  it  oc- 
casions in  the  box  makes 
the  air  rush  in  with  great 
impetuosity  through  a 
hiteral  opening,  to  which 
a  sucker  fa  valve]  is  af- 
fixed :  and  when  the  ps- 

'  ton  returns  in  an  inverss 

—  direction,     die     suckar 

IT.,  lu.  Cktw.  Biiwt.  B.u»>.  .^  ■n.k.r.  [valye]  closes  itself,  and 

die  air  is  forced  out  by  the  opposite  extremity."     Navarette  pivfemd  dM 

■  Cbina,  its  Codaiw,  Am,  &e.,  traMlsled  Inn  the  Prcncb.   Loa.  1834  ;  vol.  i.  17. 
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Chinese  bellows  to  the  European  one,  he  said  it  was  more  commodious 
and  efficient.^  It  is  employed  to  some  extent  in  Java,  having  been  intro- 
duced from  China.*  I 

Since  die  preceding  remarks  were-  written,  we  have  examined  two 
bellows  fix>m  China, in  die  splendid  "Chinese  Collection'* in  Philadelpliia. 
One  of  them  belonged  to  a  traveling  blacksmith.  It  is  formed  of  a  cylin- 
drical joint  of  bamboo,  2^  feet  in  length,  and  between  five  and  six  inches 
diameter.  The  piston  rod  is  a  wire  ^  or  f  of  an  inch  thick,  with  a  small 
eimlet  handle.  Air  is  admitted  through  a  cluster  of  five  or  six  small  holes 
m  each  end,  which  are  covered  in  the  inside  b v  paper  flaps :  these  are  the 
induction  valves,  marked  J  F  in  No.  112.  Along  one  side  of  the  bellows 
a  strip  of  wood  2^  inches  wide  and  1^  thick,  is  secured  by  what  appears 
to  be  eight  small  dmmb  screws,  and  the  juncdon  made  dght  by  cement  or 
wax ;  tliid  projecting  piece  i-esemblcs  diose  on  the  sides  of  high  pressure 
steam-engine  cylinders,  and  is  intended  for  a  somewhat  similar  purpose,  its 
interior  being  hollowed  into  a  passage  for  the  wind  when  expelled  by  die 
piston  from  either  end  of  the  cylinder.  A  short  metallic  tube  conveys 
the  wind  from  the  middle  of  this  piece  to  the  furnace  as  in  No.  112.  The 
ends  of  the  bellows  are  secured  from  splitting  by  two  thin  and  narrow 
iron  hoops,  and  at  one  place  a  small  clamp  is  driven  across  a  crack,  as  is 
sometimes  pracdced  in  mending  wooden  bowls.  The  instrument  i<esem* 
bles  the  one  in  the  last  figure,  but  is  double  acdng:  the  figure  of  the  ailist 
accompanying  it  is  seated  on  the  ground  and  works  it  with  one  hand  while 
he  attends  the  fire  with  the  other. 

Tlie  other  bellows  consists  of  a  long  box  like  the  one  figured  at  No.  112. 
From  the  circumstance  of  its  not  being  confined  in  a  glass  case,  and  per- 
mission to  examine  its  interior  having  been  politely  accorded,  we  haa  an 
opjx>rtunity  of  ascertaining  some  pardculars  that  are  not  mendoned  in  any 
published  account  of  tlieso  instruments  that  has  fallen  in  our  way.  It  is 
twenty-two  inches  long,  seven  deep,  and  five  wide,  made  of  diin  boards 
of  a  s^Yecics  of  Br  and  extremely  light :  the  sides  and  ends  are  dovetailed 
together  ;  and  the  bottom  appeared  to  be  intended  to  slide  over  the  sides, 
having  strips  -projecting  from  it  and  no  piqs  or  nails  visible  ;  this  arrange- 
ment cniiblcs  a  person  to  examine  the  interior,  and  to  replace  or  repair  die 
▼alves,  Sec.  with  great  facility.  The  boards  of  which  the  machine  is  made 
are  of  a  uniform  thickness  (about  §  of  an  inch)  except  the  top,  which  is 
1^  inches.  The  reason  for  this  extra  thickness  was  perceived  as  soon  as 
it  was  removed,  (it  was  secured  to  the  sides  and  epds  by  long  wooden 
pins,)  for  a  deep  and  wide  groove  is  made  through  its  whole  length  with 
the  excepdon  of  i  of  an  inch  at  each  end,  and  at  die  middle  of  the  groove 
a  passage  is  cut  at  right  angles  to  it  throu^fh  one  side  for  die  air  to  pass 
into  the  tuyere.  Upon  the  removal  of  this  thick  cover,  the  inside  of  the 
box  was  not  exposed,  for  another  diin  one  vms  found  inserted  widiin  the 
sides,  and  flush  with  their  edges.  This  was  a  board  slipped  between  the 
sides  and  resdng  upon  the  upper  edge  of  the  piston,  liavingtwo  openings, 
one  at  each  end,  which  coincided  with  the  groove  in  the  outer  cover,  (the 
mner  cover  is  represented  by  the  line  II  O  in  No.  112 ;)  hence  the  wind 
is  driven  by  the  piston  alternately  through  each  opening  into  the  groove, 
and  by  the  acdon  of  the  valve  in  die  middle,  of  die  latter,  is  compelled 
to  pass  into  the  tuyere.  This  valve  is  represented  at  G  in  No.  112, 
mod  from  an  inspection  of  that  cut,  it  will  be  apparent  that  some  contri* 
Ttmce  of  the  kind  is  absolutely  necessary,  in  order  to  prevent  the  wind 
wlien  forced  from  one  end  of  the  liellows,  from  passing  along  the  groove 
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into  the  other  end :  it  conaigto  of  a  narrow  piece  of  liard  wood  of  the  same 
depth  as  the  groove,  and  of  a  length  that  ratlier  exceeds  the  width  of 
the  groove..  A  hole  is  drilled  through  one  end  and  a  pin  driven  through 
it  into  the  solid  part  of  the  cover,  so  that  it  turns  freely  on  this  pin,  ai«J 
closes  and  opens  a  passage  for  the  escape  of  the  wind  into  the  tuyere.  It 
is  driven  by  the  wind  at  every  stroke  of  the  piston  against  the  opjiosite 
cheek  of  tho  groove,  and  thus  prevents  the  wind  from  passing  into  the 
other  end  of  the  cylinder,  as  shown  at  G  in  No.  112.  It  is  suq>rising  how 
easily  tliis  valve  plays  although  its  upper  and  lower  edges  rub  against  the 
surfaces  of  the  two  covers — a  trifling  movement  of  Uie  piston  drives  it 
against  tlie  cheek,  and  occasions  a  snapping  sound  somewhat  like  that 
from  the  contact  of  metal. 

When  the  inner  cover  was  raised  out  of  its  place,  the  piston  and  induc- 
tion valves  were  exposed  to  view,  and  the  simplicity  and  efficiency  of 
these  parts  were  in  keeping  with  the  rest :  the  two  valve&  are  mere  flaps 
uf  paper,  glued  at  their  lower  edges  to  the  under  side  of  the  oiieiiiiigs, 
and  hence  they  si^nd  nearly  perpendicular,  instead  of  lioing  suspended  from 
above ;  the  slightest  impulse  of  air  closed  them.  The  piston  is  half  an 
inch  thick,  but  is  reduced  at  the  edges  to  a  quarter  of  one  ;  it  ap|>cars  to 
be  formed  of  two  thin  pieces  which,  miited,  are  equal  in  thickuebs  to  that 
mentioned ;  and  between  them  are  inseited  two  small  sheets  of  moderatoly 
BtiiF  paper,  which  project  an  inch  over  every  side.  The  pai't  that  pro- 
jects is  folded  at  tlie  corners  and  turned  over  the  edges  of  the  piston ; 
one  sheet  being  turned  one  way,  and  the  other  the  contrary,  so  that  when 
the  piston  is  moved,  the  air  presses  tlie  paper  against  the  sides  of  the  bel- 
lows and  renders  the  piston  perfectly  tight,  on  the  same  principle  as  ilie 
double  cupped  leathers  of  fire-engines  and  other  forcing-pumps ;  and  ai 
the  same  time  without  any  perceptible  inci*easc  of  friction.  The  two  pis- 
ton rods  are  half  inch  square,  and  work  tlirough  holes  in  one  end  of  tlie 
box  without  any  stufHng-lx)x.  Tho  whole  machine  is  of  wood,  exceja 
the  paper  for  the  piston  and  valves.  Although  the  instrument  appears  to 
be  a  rectangular  box,  it  is  not  exacdy  so,  the  bottom  being  a  little  wider 
than  the  top. 

It  would  be  superfluous  to  point  out  the  application  of  piston  bellows  to 
raise  water,  since  they  are  perfect  models  of  our  atmospheric  and  foi-ciiig- 
pumps.  Why,  then,  it  may  be  asked  are  not  the  Chinese  found  in  tlie 
possession  of  the  latter  )  In  reply  to  diis  question,  it  may  be  observed :  1. 
That  from  our  imperfect  knowledge  of  the  people,  it  is  not  certain  that 
such  machines  have  not  been,  and  are  not  used  to  a  limited  extent  in  the 
interior  of  that  great  empire.  2.  That  custom,  and  probably  experience, 
have  induced  them,  in  common  with  other  nations  ot  the  Oriental  world, 
to  give  the  preference  to  more  simple  devices — to  tlieir  chain  pump,  bam- 
boo wheel,  &c.,  a  preference  which  we  know  is  in  some  instances  based 
on  solid  gromids :  for  example,  tho  chain  pump  as  used  by  them,  raises 
more  water  with  tlie  same  amount  of  labor,  than  any  atmospheric  or  forc- 
mg-pump,  if  placed  under  the  same  circumstances.  And  as  for  the  noria 
or  bamboo  wheel,  which  driven  by  a  current,  raises  water  night  and  day, 
and  from  20  to  50  feet,  we  are  told  that  it  answers  die  purpose  "as  com- 
pletely as  the  most  complicated  European  machine  could  do;  and  I  will 
answer  for  it  [says  Van  Braam]  that  it  does  not  occasion  an  expense  of 
ten  dollars."  3.  A  circumstance  connected  with  one  of  their  ancient  as  well 
as  modern  scenic  representations,  shows  that  when  xHie  forcing  or  spoutinff 
of  water  is  required,  their  artists  are  at  no  loss  for  devices  to  effect  it;  ana 
that,  too,  under  very  unusual  circumstances.  One  of  the  pantomimes  ]>er- 
formed  aX  Pekin  is  the  "  Marriage  of  the  Sea  with  the  Land,*'     The 
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latter  diyinity  made  a  display  of  his  wealth  and  productions,  such  aa  di-a« 
gons,  elephants,  tigers,  eagles,  ostriches,  chestnut  and  pine  trees,  &a 
The  Ocean,  on  the  other  hand,  collected  whales,  dolphins,  porpoises  and 
other  sea  monsters,  together  with  ships,  rocks,  shells,  &c.,  "  all  these  ob- 
jects were  represented  by  performers  concealed  under  clotha,  and  who 
played  their  parts  admirably.  The  two  assemblages  of  productions,  ter- 
restrial and  marine,  made  the  tour  of  the  stage,  and  then  opened  ri^ht  and 
left  to  leave  room  for  an  immense  whalo,  which  placed  itself  directly 
before  tho  emperor,  and  spouted  out  several  hogsheads  of  toater,  which 
inundated  the  spectators  who  were  in  the  pit."*  As  both  the  water  and 
forcing  apparatus  were  contained  within  tnc  moving  figure,  we  can  only 
imagine  the  jets  to  have  been  produced  by  means  of  piston  or  bellows 
forcing^pumps,  or  sometliinff  analogous  to  them«-or  by  air  condensed  in 
one  or  more  vessels  contaimng  water,  like  soda  fountains.  4.  If  ChiTiese 
lads  never  discovered  a  source  of  amusement  in  the  application  of  their 
bellows  (some  of  which  are  only  eight  inches  long)  as  squirts  or  pumps, 
they  must  differ  essentially  from  lads  of  other  nations — a  position  that  few 
judges  of  human  nature  would  admit.  Boys  are  the  same  in  all  ages,  and 
the  mischievous  youngsters  of  the  Celestial  Empire  have  doubtless 
ofV.en  derived  as  much  pleasure  from  annoying  one  another  with  water 
ejected  from  these  implements,  as  those  of  Europe  and  this  country  do 
with  similar  devices.  Such  an  application  of  them  was  sure  to  be  found 
out  by  boys,  if  by  no  one  else,  w  hether  the  bellows-pump  originated 
in  this  manner  or  not,  may  be  uncertain,  but  several  useful  discoveries 
have  been  J)rought  to  light  in  much  the  same  way  :  it  was  a  youth  who 
changed  the  whole  character  of  the  steam-engine,  by  giving  it  that  feature 
upon  which  its  general  utility  depends — ^his  ingenuity,  stimulated  by  a 
love  of  play  I  rendered  it  self-acting. 

The  antiquity  of  the  Chinese  bellows  is  a  subject  of  much  interest.  It 
may  have  been  the  instiniment  which  Anacharsis  introduced  into  Greece,  it 
liavin^,  perhaps,  been  employed  by  his  countrymen,  the  ancient  Scythians, 
as  well  as  by  their  descendants,  tlie  modem  Tartars.  If  it  has  been  in 
i:^,  as  supposed,  frbm  times  anterior  to  Grecian  and  Roman  eras,  the 
ongin  of  the  pump  in  the  second  century  B.  C.  can  hardly  be  sustained ; 
for  when  the  induction  valves  of  one  of  these  bellows  are  placed  in  water, 
(as  wc  suppose  has  occasionally  been  done  ever  since  its  invention,)  it  is 
then  the  *'  water  forcer"  of  Ctesibius ;  and  if  pipes  be  connected  to  F  and 
J,  (No.  112,)  and  their  orifices  placed  in  a  liquid,  the  apparatus  becomes 
the  double  acting  pump  of  La  Hire.  But  what  may  be  surprising  to  some 
persons,  its  construction  is  identical  with  that  of  the  steam-engine ;  for  let 
it  be  furnished  with  a  crank  and  fly  wheel  to  regulate  the  movements  of 
its  piston,  and  with  apparatus  to  open  and  close  its  valves,  then  admit 
steam  through  its  nozzle,  and  it  becomes  the  double  acting  engine  of  Boul- 
ton  and  Watt  Again,  connect  its  induction  orifices  to  a  receiver,  and  it 
becomes  an  exhausting  air-pump ;  apply  its  nozzle  to  the  same  vessel,  and 
it  is  a  condensing  one.  The  most  perfect  blowing  machine,  and  the  chef 
d*CBmvre  of  modem  modifications  of  the  pump,  are  also  its  fac-similes. 

It  would  seem  that  the  Chinese  have  other  kinds  of  bellows,  or  differ- 
ent modes  of  working  these.  Bell,  in  his  account  of  the  Russian  embassy 
in  1720,  says  that  he  was  lodged  in  a  village  twelve  miles  from  Pekin  in 
a  cook's  house,  which  ^ve  him  an  opportunity  of  observing  the  customs  of 
the  people  even  on  trifling  occasions :  **  My  landlord,"  he  observes,  "  be 
ing  m  his  shop,  I  paid  him  a  visit,  where  I  found  six  kettles  placed  in  a 
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row  on  fiirnBCCB,  having  j.  separate  opening  under  eacb  of  ihcjn  for  !«• 
ceivin?  the  fuel,  which  consiaied  of  a  few  small  sticka  and  straw.  On 
M-i  pulling  a  thfmg,  he  blew  a  pair  of  bellows  which  made  all  his  fcettlM 
boil  ill  a  vary  short  timi}.""  Like  other  Auaticl,  the  Chinese  haive  proba- 
bly B  variety  of  these  iiutruinenu.  The  van,  or  winnowing  machine, 
which  we  have  received  from  them,  is  a  rotary  bellows.  See  page  70 
of  this  volume. 

Various  rotary  bellows  are  described  by  Agricola,  ai  employed  in  the 
ventilation  of  mines,  and  worked  by  men  with  cranks,  and  in  one  instance 
by  a  horse  treading  on  the  periphery  of  a  wheeL'  Rotary  blowing 
machines  hare  been  represented  as  of  more  recent  origin,  but  they  are  in 
all  probability  of  great  antiquity.  The  Spaniards  introduced  them  into 
Peru  as  early  aa  1545,  to  reduce  the  silver  ores,  but  they  were  soon  aban- 
doned.*    For  rotaiy  pumps,  see  a  subsequent  chapter  of  this  book. 

We  are  indebted  for  some  interesting  information  respecting  the  arts  of 
various  islanders  of  the  Indian  ocean  to  Mr.  William  Clark  of  Philadel 
phia,  who,  besides  spending  several  years  in  whaling  voyages,  resided 
two  years  in  Southern  Africa.     The  vessel  to  which  he  was  attached  hav- 
ing on  one   occasion  touched   on   the  coast  of  Madagascar,  some   native 
smiths  were  found  using  bellows  that  excited  particular  attention ;  some 
were  cylindrical,  being  formed  of  bored  logs,  others  were  square  trunks, 
live  or  six  inches  in  diameter,  and  about  live  feet  long ;   but  the  internal 
construction  of  both  was  the  same.      The  ship's  carpenter  was  permitted 
'to  open  one.      It  was   composed  of  four  planks  that  had  been  split  from 
trees,  the  insides  shaved  smooth  and  straight,  and  the  whole  pttf  together 
with  wooden   pins  instead  of  nails  or  screws.     It  was  divided  into  two 
parts  by  a  partition  or  disk,  which  was  permanently  secured  in  its  place, 
(shown  at  A  in  the   annexed  cut,)  where,  like  a  piston,  it  occupied  the 
entire  space  across.  On  one  Nde  of  the  trunk,  and 
opposite  the  edge  of  A,  an  opening  was  made  for 
the  insertion  of  the  tube  C  that  conveyed  the  wind 
to  the  fire,  the  edge  of  A  at'thia  place  being  feather- 
ed, and  a  small  projecting  piece   added  to  it,   ip 
order  to  direct  the  current  of  air  from  either  side 
of  the  paration  into  C.     An  opening  was  made  in 
the   centre   of  A,  through  which  a  smooth   piston 
rod  B,  played  J   two  pistons  or  boards.  P  P,  accu- 
rately ntted  to  work  in  the  trunk,  were  attached 
(m  opposite  sides  of  the  partition  to  B ;  these  pis- 
tons were  perforated,  and  the  openings  covered  by 
flaps  or  valves  like  those  of  a  common  pump  Imdx, 
but  the  upper  one  was  secured  to  the  %nder  side 
of  the  piston  as  shown  in  the  figure.     The  trunk 
rested  on  four  short  pieces  of  wood  pegged  to  it. 
In  some,  holes  were  made  at  the  lower  part  for 
the  admission  of  air.      These  }>elloWB  were  there- 
fore double  acting,  and  consequently  one  of  them 
was  equal  in  its  elfect^  to  two  of  those  represented 
at  No.  Ill,  which  drive  the  air  out  only  on  the  de- 
scent of  the  piston,  wbprca  J  these  forced  it  into  the 

fire   both   on  ascending   ar.J   r'.escending.      Thus, 

110.111   Doiibl.  Acti-i  B.1-     **>«"  ^^  blower  raised  the  rod  B,  the  flap  on  the 
iDwxriiaJafuev.  lower  piston  closed,  and  the  air  in  that  division  of 
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flonimBniarie*,  p.  347 
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the  irunk  was  expelled  through  C ;  at  the  same  time  the  flap  of  the  upper 
piston  was  opened  by  its  own  weight  and  the  air  passing  through  it,  and 
on  the  descent  of  B  all  the  air  in  the  upper  part  of  the  trunk  was  forced 
into  the  fire  in  Hke  manner ;  hence  an  uninterrupted,  though  not  an  equable 
blast  of  wind  was  kept  up.  The  whole  apparatus  was  of  wood  except 
the  flaps,  which  were  pieces  of  green  hide  rendered  pliable  by  working 
tliem  m  the  hands ;  and  they  were  prevented  from  opening  too  far  by 
narrow  slips  of  the  same' material  pegged  over  them.  There  was  no 
packing  to  *he  pistons,  but  they  were  moved  with  great  rapidity. 

These  beliows  are  different  from  those  desciibed  by  Dampier,  Sonnerat 
and  Ellis,  as  used  in  the  same  island ;  but  they  serve  to  corroborate  a  re- 
mark tliat  has  been  made  by  several  travelers,  viz:  that  the  negroes  of 
Africa  are  in  possesbion  of  a  great  variety  of  those  instruments.  The  one 
a}>ove  described  is  a  tine  specimen  of  their  ingenuity,  for  there  can  be  little 
doubt  that  it  is  original  witli  them-^it  evidently  is  not  derived  from  the 
double  acting  bellows  of  China,  nor  can  it  have  been  procured  from  Europe, 
since  nothing  of  the  kind  has,  we  believe,  ever  been  used  there.  It  is  the 
only  bellows  that  we  have  met  with  having  valves  in  the  pistons. 

It  need  hardly  be  observed  that  double  jmmps  have  been  made  on  the 
same  principle.  There  is  one  figured  by  Belidor  in  the  second  volume  ot 
his  Architecture  Hydrauliaue,  which  diners  from  the  above  figure  only  in 
having  two  short  piston  rods  connected  together  by  a  frame  on  the  outside 
of  the  cylinder,  instead  of  one  long  one  working  through  the  disk. 

No  stronger  proofs  could  possibly  be  adduced  of  the  analogy  between 
pumps  and  bellows,  than  what  the  figures  in  this  and  the  preceomg  chapter 
afford. 

While  engaged  on  thb  part  of  the  subject  we  were  induced  to  refer 
again  to  the  accounts  of  the  old  Mexicans  and  Peruvians,  in  hopes  of  find- 
ing some  indications  of  the  pump  in  the  instruments  employed  to  urge  air 
into  their  furnaces ;  but,  strange  as  it  will  appear  to  modern  mechanics,  they 
are  said  to  have  been  wholly  ignorant  of  the  bellows.  This,  if  true,  Is  a 
very  singular  fact;  and,  considering  the  extent  .to  which  thev  practiced  the 
arts  of  metallurgy,  one  that  is  unexampled  in  the  hic^tory  of  the  world.  It 
appears,  moreover,  irreconcilable  with  the  opinion  of  their  oriental  origin; 
for  it  is  difHcult  to  conceive  how  emigrants  ort  descendants  of  emigrants 
from  Asia,  could  have  been  ignorant  of  this  simple  instrument  which  has 
been  used  in  one  form  or  another  on  that  continent  from  the  earliest  times, 
and  which  is  still  employed  by  the  rudest  tribes  there,  and  also  in  all  those 
parts  whence  the  early  Peruvians  are  supposed  to  have  come.  The  bel- 
lows is  common  almost  as  the  hammer,  from  the  peninsular  of  Malacca  to 
that  of  Kampschatka,  and  from  the  Phillippine  islands  to  those  of  Japan. 
In  Africa,  too,  it  is  used  in  great  variety  ana  by  people  whose  progress  in 
the  arts  is  far  behind  that  of  the  ancient  smiths  ot  America. 

How  little  is  known  respecting  the  mechanical  implements  of  Mexican 
and  Peruvian  workmen  and  of  their  processes,  and  yet  but  three  centuries 
have  elapsed  since  the  latter  were  in  full  operation  !  Wc  are  not  aware 
tiiat  a  single  tool  has  been  preserved,  much  less  their  modes  of  manufac- 
ture ;  nor  is  tliis  much  to  be  wondered  at  when  the  spirit  that  animated 
Vie  conquerors  is  considered-^it  was  the  acquisition  of  gold,  not  the  tools 
for  or  manner  of  working  it,  that  they  had  in  view ;  and  had  it  not  been 
(or  the  prodigious  amount  of  bullion  which  they  found  worked  into  va- 
rious figures  and  utensils,  we  should  scarcely  have  ever  heard  of  the  latter; 
mnd  yet  the  workmanship  on  some  of  them,  exceeded  the  value  of  the  metal. 
T'hat  there  are  errors  in  the  accounts  of  early  writers  on  the  arts  and  ap- 
paratus of  old  Americar  mechanics  is  unquestionable,  and  among  them 
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may  be  mentioned  that  which  confined  the  materials  of  their  cutt-Jig  in- 
struments  to  obsidian  and  other  stones ;  whereas  it  is  now  certain  that 
they  had  chisels,  &c.  of  bronze  or  alloys  of  copper  and  tin ;  and  probably 
of  a  similar  composition  to  those  of  Egyptian  workmen.  As  for  bellows, 
it  was  no  easy  task  (supposing  it  had  been  undertaken  by  the  old  histo- 
rians of  Mexico  and  Peru)  to  determine  positively  that  they  were  unknomm 
throughout  those  extensive  countries.  To  ascertain  what  tools  were  and 
were  not  used,  required  something  more  than  a  superficial  knowledge  of 
the  people.  Before  a  stranger  could  speak  decidedly  on  the  subject  of 
bellows,  it  was  necessary  that  he  should  become  familiar  with  their  modes 
of  working  the  metals,  by  frequently  visiting  them  in  their  workshops  and 
dwellings ;  and,  from  an  intimate  knowledge  of  their  language,  making  n 
quiries  respecting  the  tools  and  details  of  the  processes  adopted  by  artiEa]i<? 
of  distant  tribes ;  for  bellows  might  be  used  to  a  limited  extent  in  on-) 
country,  and  (from  variety  in  the  orea,  articles  manufactured  or  custoTr-s 
of  workmen)  not  at  all  in  another.  But  there  does  not  appear  to  hav? 
been  any  efforts  made  to  collect  information  of  this  kind  by  the  con- 
querors— ^its  value  was  not  appreciated  by  them  or  by  their  immediate 
successors,  and  hence  the  opportunity  waa  neglected  and  could  never  bo 
recalled ;  for  other  historians  agree  with  Clavigero,  that  the  wonderful 
arts  of  the  Mexican  and  Peruvian  founders  were  soon  logt,  "  by  die  de- 
basement of  the  Indians  and  the  indolent  neglect  of  the  Spaniards.''  E^en 
Garcilasso,  although  a  native  Indian,  by  his  mother's  side,  does  not  seem 
to  have  possessed  any  particular  knowledge  on  the  subject  of  working  the 
metals :  he  derived  his  information  ^m  Acosta,  to  whose  work  he  refers 
his  readers. 

But  what  are  the  proofs  that  bellows  were  unknown  to  the  subjects  of 
Manco  Capec  and  Motezuma  ?  The  principal  one  is  derived  from  the't 
fusing  metah  without  them :  they  kept  their  fiimaces  in  blast,  it  is  alledgeJ . 
by  the  breath  of  a  number  of  men  who  blew  on  the  fi'^s  through  tubes  of 
bamboo.  That  this  was  often  practiced  there  is  no  doubt,  and  'that  it  was 
tlie  general  custom  is  admitted ;  but  it  does  not  therefore  follow  that  they 
had  no  contrivances  for  producing  artificial  blasts :  this  will  appear  frcm 
the  practice  of  oriental  ^old  and  silver  smiths,  both  of  ancient  and  modern 
times.  The  fusion  of  gold  Aid  silver  with  blowing  tubes  is  a  device  of  rem;>t« 
antiquity,  and  like  ail  ancient  customs  relating  to  the  useful  arts,  it  is  sti!) 
practiced  by  the  Hindoos,  Malays^  Ceylonese,  Persians  and  other  Asiatics ; 
and  also  by  Egyptians  and  numerous  African  tribes.  The  goidsmitlis  of 
Sumatra,  Mr.  Marsden  observes,  "in  general  tute  no  bellows,  out  blow  ih^ 
fire  with  their  mouths  through  a  joint  of  bamboo ;  and  if  the  quantity  of 
metal  to  be  melted  is  considerable,  three  or  four  persons  sit  round  the  fur- 
nace, which  is  an  old  broken  kwali,  or  iron  pot,  and  blow  togeilier :  at 
Padang  alone,  wh^re  the  manufacture  is  more  considerable,  they  have 
adopted  the  Chinese  bellows."*  "We  have  already  described  the  singlo 
and  also  a  double  acting  bellows  of  these  people ;  besides  which  they  hai'e 
that  of  China,  and  yet  it  seems  that  all  the  working  goldsmiths  of  the  coun- 
try, except  those  of  a  single  town,  still  melt  their  metal  as  the  Mexicans 
and  the  Peruvians  did  :  hence  the  mere  fact  of  the  old  smiths  of  these  con* 
tinents  using  blowpipes  to  fuse  metal,  is  no  more  a  proof  of  their  igno- 
rance of  bellows,  than  the  like  practice  is  of  modem  Asiatics  being  a'&o 
ignorant  of  them. 

Nothing  is  easier  than  to  err  respecting  a  knowledge  of  bellows  in  for- 
mer times,  by  inferences  drawn  from  the  use  of  blowpi^s.    In  the  oldest 
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monuments  of  Egypt  (thobe  of  Beni  Hassan)  the  latter  are  represented  in 
the  remote  age  of  Osirtasen,  1700  B.  C.  which  to  a  superficial  observer 
might  lead  to  the  supposition  that  the  former  were  then  unknown ;  but  a 
dose  examination  of  tiie  sculptures  shows  the  fallacy  of  such  a  conclusion, 
since  blowing  tubes  are  also  figured  long  after  the  reign  of  Thothmes  in 
Trhose  time  bellows  were  certainly  common.*  Again,  on  the  last  day  of 
the  feast  of  Talwmacles,  the  Jews  were  allowed  by  rabbinic^  precepts 
to  light  ^ne  fire  from  another,  but  not  to  strike  new  fire  from  stone  or 
metal,  nor  to  quench  it,  although  to  save  their  goofls,  "  nor  to  blow  it  with 
bellowes,  but  with  a  reede"^  Now  a  stranger,  having  an  imperfect  know- 
ledge of  Jewish  customs,  upon  witnessing  fires  thus  blown  would,  in  some 
parts  of  the  world,  be  very  apt  to  conclude  that  they  had  no  bellows.  And 
again,  if  we  had  not  a  proof  that  our  domestic  bellows  was  known  to  the 
Romans,  we  might  have  inferred  from  Pliny's  account  of  statuaries  and 
painters  representing  individuals  blowing  fires  with  their  ?nouthSf  that  artifi- 
cial instruments  for  the  purpose  were  then  unknown. 

Enough  may  be  gatliered  from  early  writers  on  America  to  account 
for  bellows  not  being  employed  in  those  operations  in  which  they  would 
seem  to  have  been  most  recjuired,  viz :  in  smelting  of  metals.  According 
to  Acosta,  some  ores  could  not  be  reduced  by  bellows,  but  only  by  air 
furnaces.  Gurcilasso,  in  the  last  chapter  of  the  eighth  book  of  his  Com- 
mentaries, makes  the  same  remark.  In  smelting  the  silver  ore  of  Potosi, 
he  says  the  Indians  used  neither  bellows  nor  blowing  tubes,  but  a  natural 
wind,  which,  in  their  opinion,  was  the  best ;  *  they  therefore  fused  the  ore 
in  small  furnaces  placed  on  the  hills  in  the  night  time,  whenever  the  wind 
'was  sufHcient  for  the  purpose ;  and  it  was  a  pleasant  sight,  he  observes, 
''  to  behold  eight,  ten,  or  twelve  thousand  of  those  fires  at  the  same  time, 
ranged  in  order  upon  the  sides  of  the  mountains."  The  Spaniards  suspect- 
ing that  the  metal,  when  thus  diffused  among  a  great  number  of  hands, 
might  be  more  readily  purloined,  and  that  much  of  it  was  wasted  in  so 
many  fires,  introduced  blast  furnaces,  the  fires  in  which  were  urged  ''  by 
large  bellows,"  but  these  not  succeeding,  (the  blast  being  too  strong,)  they 
had  recourse  to  rotary  bellows,  ("  engines  with  wheels,  carried  about  wiui 
sails  like  a  windmill  which  fanned  and  blowed  the  fire,")  but  these  also 
failed  to  accomplish  the  purpose,  "  so  that  the  Spaniards  despairing  of  the 
success  oi  their  inventions,  mo^  use  of  those  which  tlie  Indians  hud  framed- 
and  contrived^  No  stronger  reason  could  be  adduced  why  the  bellows 
"was  not  previously  used  in  the  reduction  of  ores. 

At  a  subsequent  fusion  of  the  metal  in  their  dwellings,  the  workmen 
(says  Garcilasso)  instead  of  bellows,  continued  to  use  blowing  tubes, 
•*  though  our  [Spanish]  invention  of  bellows  is  much  more  easie  and  forci- 
ble to  raise  the  fire."  Supposing  they  were  ignorant  of  bellows  before  the 
arrival  of  the  Spaniards,  here  is  a  proof  that  after  th^  became  acquainted 
with  these  instruments,  they  still  preferred  their  tubes,  as  the  gold  and 
nlver  smiths  of  Asia  generally  do  at  this  day ;  and  hence  the  use  of  suoli 
tubes  does  not  show,  as  has  been  stated,  "  that  they  were  unacquainted 
with  the  use  of  bellows." 

If  there  was  nothing  else  to  adduce  in  favor  of  the  old  Peruvians  being 
acquainted  with  bellows,  or  with  the  principle  of  their  construction  and  ap- 
plication, than  the  balsas  or  blown  floats  which  their  fishermen  and  those 
of  Chili  used  instead  of  boats,  we  should  deem  them  sufHcient.  These 
'were  large  bags  made  of  skins  of  the  sea  wolf  and  filled  with  air.     They 

*  Wilkinson's  Manners  and  Customs  of  the  Ancient  Egyptians,  iii.  339.    ^  Purehai^ 
Pilgrimage,  223. 
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were  "  so  well  sewed,  that  a  considerable  weight  could  not  force  any  of 
it  out."  They  carried  from  twelve  to  fourteen  hundred  pounds,  and  if  any 
air  escaped,  there  were  two  leathern  pipes  tli rough  which  the  fishermen 
"  blow  into  the  bags  when  there  is  occasion."  Frezier's  Voyage  to  tha 
South  Seas,  p^e  121.  These  were  real  bellows,  only  applied  to  another 
purpose.  Had  ihoy  not  been  found  less  efficient  or  less  economical  thaa 
blowing  tubes,  they  would  doubtless  have  been  jised  as  substitutes  for  the 
latter  in  the  fusion  and  reduction  of  ores.  It  may  here  be  noticed  as  a 
singular  fact,  and  one  which  may  possibly  have  reference  to  bellbws,  that 
Quetzfdcoail,  the  Mexican  God  of  the  air  or  wind,  was  also  the  Vulcan 
of  all  the  nations  of  Anahuac. 

Both  Mexicans  and  Peruvians  were  accustomed  from  their  youth  to  use 
liiowing  tubes,  for  the  primitive  air  gun,  through  which  to  shoot  arrows 
and  other  missiles  by  the  breath,  was  universally  used,  and  the  practice 
is  still  kept  up  by  their  descendants.  Motezuma,  in  his  first  interview 
with  Cortez,  shrewdly  compared  the  Spanish  guns,  as  tubes  of  unknown 
metal,  to  tlie  sarbacans  of  his  countrymen.  From  the  expertness  acquired 
by  the  constant  employment  of  these  instruments  in  killing  game,  it  was 
natural  enough  to  use  them  instead  of  bellows  to  increa.se  the  heat  of  their 
iurnaces,  and  custom  rendered  them  very  efficient. 

We  have  prolonged  our  remarks  on  this  subject  because  it  has  been 
concluded  that  remains  of  furnaces,  found  far  below  the  surface  in  various 
parts  of  this  continent  and  in  regions  abounding  with  iron,  could  never 
have  been  employed  in  reducing  that  metal ;  for  in  those  remote  ages  in 
which  such  furnaces  were  in  action,  the  bellows,  it  is  said,  was  unknown ; 
a  position  that  we  think  untenable,  and  quite  irreconcilable  with  th« 
advanced  state  of  metallurgy  in  those  times. 

Before  leaving  the  subject  of  bellows  and  bellows  pumps,  we  may  re* 
mark  that  numerous  illustraUons  of  the  latter  may  be  found  in  the  natural 
world.  To  an  industrious  investigator,  tlie  animal  kingdom  would  furnish 
an  endless  variety,  for  every  organized  being  is  composed  of  tubes  and 
of  liquids  ursed  through  them.  The  contrivances  by  which  the  latter  it 
accomplished  may  be  considered  among  the  prominent  features  in  the 
mechanism  of  animals ;  and  although  modified  to  infinitude,  one  general 
principle  pervades  the  whole ;  this  is  the  distension  and  contraction  of 
flexible  vessels  or  reservoirs  in  which  fluids  are  accumulated  and  driven 
through  the  system.  On  the  regular  function  of  these  organs  the  neces- 
sary motions  of  life  chiefly  depend ;  by  them  urine  is  expelled  from  the 
bladder,  blood  from  the  heart,  breath  from  the  lungs,  Sec ;  they  are  natural 
bellows  pumps,  while  other  devices  of  the  Divine  Mechanician  resemble 
syringes  or  piston  pumps. 

The  whale  spouts  water  with  a  bellows  pump,  and  in  streams  compared 
with  which  the  jet  from  one  of  our  fire-engines  is  child's  play.  His  blow- 
ing apparatus  consists  of  two  large" membranous  sacs;  elastic  and  capable 
of  being  collapsed  with  ^reat  force.  They  are  connected  with  two  bony 
canals  or  tubes  whose  orifices  are  closed  by  a  valve  in  the  form  of  two 
semicircles,  similar  to  those  known  to  pump  makers  as  butterfly  valves. 
When  the  animal  spouts,  he  forcibly  compresses  the  bags,  already  filled 
with  water,  and  sends  forth  volumes  of  it  to  the  height  of  40  or  50  feet. 
The  roaring  noise  that  accompanies  this  ejection  of  the  liquid  is  heard  at  a 
considerable  distance,  and  is  one  of  the  means  by  which  whalers,  in  foggy 
weather,  are  directed  to  their  prey.  The  proboscis  of  the  elephant  u 
sometimes  used  as  a  hose  pipe,  through  which  he  plays  a  stream  m  every 
direction  by  the  pump  in  his  chest.  ?f umerous  insects  that  live  in  water 
inove  their  bodies  by  the  reaction  of  that  liquid  on  streams  they  eject  frooc 
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their  bodies :  oysters  and  some  other  shell  fish  move  in  this  manner.  My- 
riads of  marine  animals  also  ascend  and  descend  in  tlieir  native  element  by 
means  of  forcing  pumps :  when  alxiut  to  dive,  tliey  admit  water  into  cer- 
tain receptacles,  and  m  such  cjuantities  as  to  render  their  bodies  speci 
fically  heavier  than  the  fluid  they  float  in ;  and  when  they  wish  to  ascend, 
they  pump  out  the  water  which  carried  them  down. 

That  expert  gunner,  the  jaculator  fish,  shoots  his  P^ey  with  pellets  or 
globules  of  water  as  from  a  piston  ])ump.  When  an  insect  hovers  near  or 
rests  on  some  aquatic  plant  within  five  or  six  feet  of  him.  he  shoots  from 
his  tubular  snout  a  drop  of  water,  arrd  with  so  '*  siire  an  aim  as  generally 
to  lay  it  dead."  The  habit  of  ejecting  saliva,  which  some  persons  ac- 
ouire,  is  by  making  a  pump  of  the  mouth  and  a  piston  of  the  tongue. 
Other  animals  practice  the  same ;  thus  the  llama  of  Chili  and  Peru,  when 
irritated,  "  ejects  its  saliva  to  a  considerable  distance*' — Frezier  says  ten 
paces,  or  thirty  feaU  The  spurting  snake  of  Southern  Africa,  it  is  said, 
ejects  its  poison  into  the  eyes  of  those  who  attack  it  with  unerring  aim. 
The  tongue  of  the  lamprey  moves  backwards  and  forwards  like  a  piston, 
and  produces  that  surtian  which  distinguishes  this  animal  and  others  of  the 
same  family.  The  sting  of  some  insects,  that  of  the  bee,  for  example,  is 
a  very  complex  apparatus,  consisting  of  a  lancet  with  its  sheath,  to  pene- 
trate the  bodies  of  titcir  enemies ;  first  acting  as  a  trocar  and  canular,  and 
then  as  a  pump  to  force  poison  into  tlie  wound — "  an  awl  to  bore  a  hole, 
[aajs  Paley,]  and  a  syringe  to  inject  tlie  fluid." 

It  perhaps  may  be  supposed  from  the  form  of  common  pumps,  that 
there  is  little  resemblance  between  them  and  these  natural  machines,  but 
it  should  be  remembered  that  this  form  is  purely  arbitrary,  (they  are,  as 
we  have  already  seen,  sometimes  made  of  flexible  materials,  and  alter- 
nately dilated  and  collapsed  like  the  chests  of  animals.)  The  general 
custom  of  making  them  of  hollow  cylinders  and  of  inflexible  materials, 
arose  from  experience  having  proved  that  when  thus  made,  they  are  more 
durable  and  less  liable  to  derangement  than  any  oth^  that  have  yet  been 
devised. 

The  circulation  of  the  blood  in  man  and  other  animals  is  effected  by 
apparatus  strikingly  analogous  to  sucking  and  forcing  bellows  pumps.  The 
heart  is  one  of  these^thie  arteries  are  its  forcing,  the  v^ins  its  suction 
pipes,  and  both  pump  and  pipes  are  fumii^hed  with  the  most  perfect 
▼alves.  By  contraction,  this  wonderful  machine  forces  the  blood  through 
the  former  to  the  uttermost  parts  of  the  system  ;  and  by  distension,  draws 
.t  back  through  the  latter.^  They  vary  m  dimensions  as  in  construction. 
Some  are  adapted  to  the  boiltes  of  animals  so  minute  as  to  be  impercep- 
tible to  unaidec]  vision,  and  from  these  to  others'  of  every  size  up  to  the 
huge  leviathan  of  th*c  deep.  The  aorta  of  the  whale,  says  Paley,  "  is 
larger  in  the  bore  than  the  main  pipe  of  the  water-works  at  London 
bridge ;  and  the  water  roaring  in  its  passage  through  that  pipe,  is  inferior 
in  im])etus  and  velocity  to  the  blood  rushing  from  the  whale*s  heart." 

Every  human  being  may  be  considered  as,  nay  is,  (  living  pump.  His 
body  is  wholly  made  up  of  it,  of  the  tubes  belonging  lb  it,  and  tlie  liquid 
moved  by  it^-with  sucn  additions  as  are  required  to  communicate  the  ne- 
cessary motion  and  protect  it  from  injury.  Health,  life  itself,  every  thing, 
depends  upon  keeping  it  in  order.  If  one  of  its  forcing  pipes,  (an  artery,) 
be  severed,  we  bleed  to  death ;  are  any  of  its  sucking  tubes  (the  veins) 


*  In  the  6th  vol.  of  Mncbines  approved  by  the  French  Aeademv,  is  the  description  of 
a  bellows  pump,  made  in  imitatiou  of  the  heart,  by  M.  Bedaat,  who  named  the  working 
port  of  it  '*  La  Cmw,"  tbo  heart--or  which  it  wan  a  rude  resemblance. 
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choked,  tke  parts  around  them  become  diseased,  like  sterile  land  for  waii> 
of  nourishment ;  does  the  pump  itself  stop  working,  we  instantly  die.  The 
regularity  and  irregularity  of  its  motions  are  indicated  by  the  pulse,  which 
has  always  been  adopted  as  the  unerring  criterion  of  health  and  disease, 
or  as  an  engineer  would  say,  the  number  of  its  strokes  per  minute,  is  the 
proof  of  its  state  whether  in  good  or  bad  working  order.  The  pulse  not 
only  indicates  incidental  disorders  in  this  hydraulic  machine,  but  is  a  crite- 
rion of  its  age,  as  well  as  of  its  constant  condition :  the  movements  are 
strong  and  uniform  in  youth,  feeble  and  uncertain  in  sickness  and  age,  and 
as  the  machine  wears  out  and  the  period  of  its  labor  approaches,  its  strokes 
at  last  cease  and  its  ^nbrations  are  then  silent  for  ever. 

What  mechanic  can  contemplate  this  surprising  machine  without  being 
electrified  with  astonishment  that  it  should  last  so  long  as  it  does  in  some 
people  !  Formed  of  materials  so  easily  injured,  and  connected  with  tubes 
of  the  most  delicate  texture,  whose  ramifications  are  too  complex  to  be 
traced,  their  numbers  too  great  to  be  counted,  and  many  of  them  too  wSp 
nute  to  be  perceived,  and  the  orifices  of  all  furnished  with  elaborate  valves; 
that  such  complicated  machinery  should  continue  incessantly  in  motion, 
sixty,  eighty,  and  a  hundred  years,  not  only  without  our  aid,  but  in  spite 
of  obstructions  that  are  daily  thrown  in  its  way,  is  as  inexplicable  and  mys- 
terious as  the  power  that  impels  it. 

Few  classes  of  men  are  more  interested  in  studying  natural  history,  and 
particularly  the  structure,  habits,  and  movements  of  animals,  than  mechan- 
ics ;  and  none  can  reap  a  richer  reward  for  the  time  and  labor  expended 
upon  it.  It  presents  to  the  studious  inquirer  sources  of  mechanical  com- 
binations and  movements  so  varied,  so  perfect,  so  novel,  and  such  as  are 
adapted  to  every  possible  contingency,  as  to  excite  emotions  of  surprise 
that  they  should  nave  been  so  long  neglected.  There  is  no  doubt  that 
several  modem  discoveries  in  pneumatics,  hydraulics,  hydrostatics,  opdos, 
mechanics,  and  even  of  chemistry,  might  have  been  anticipated  by  the 
Ltudy  of  this  deoartnlent  of  science.  Of  this  truth  examples  might  be  ad- 
duced from  every  art,  and  from  every  branch  of  engineering :  the  flexible 
water-mains  (composed  of  iron  tubes  united  by  a  species  of  ball  and  socket 
joint)  by  which  W  ctt  conveyed  fresh  water  under  the  river  Clyde  were 
suggested  by  the  mechanism  of  a  lobster's  tail — the  process  of  tunneling 
by  which  Brunei  has  formed  a  passage  under  the  Thames  occurred  to  him 
by  witnessing  the  operations  of  the  Teredo,  a  testaceous  tcorm  covered 
with  a  cylindrical  sheU,  which  eats  its  way  through  the  hardest  wood — 
uid  Smcaton,  in  seeking  the  form  best  adapted  to  impart  stability  to  the 
light-house  on  the  Eddystone  rocks,  imitated  the  contour  of  the  bole  of  a 
tree.  The  fishermen's  boats  of  Europe,  adapted  to  endure  the  roughest 
weather,  are  the  very  model  of  those  formed  for  her  progeny  by  the  fe 
male  gnat ;  "  elevated  and  narrow  at  each  end,  and  broad  and  depressed 
at  the  miidle*'—  the  beaver  when  building  a  dam — but  it  is  vain  to  qii<Mo 
examples    with  which  volumes  might  be  filled. 
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Foreinf  Pnmpt  with  toUd  pittom:  Th«  Byrinfe:  Its  UMi^Biaterialt  ud  uHiqaUjr— Employed  by  th« 
BludoM  hi  relifioiia  festival*— Fifurad  on  ea  old  coetofenne  fliaple  Gordea  Pvmp— 8iDf le  valve  Fora- 
laf-pamp— ComoioB  Fordaf-paiap— Stmnaeli  pa«p->-ForciBg-pHBip  with  air-venel  Machiae  of 
CleelUae:  lis  deecriptioa  by  Vitravias— Reanrka  oa  iu  origin->Errora  of  the  ancieate  reepectiaf  tha 
aathore  of  eeveral  inveationa— Claiou  of  Ctetibiiu  to  the  pump  limited— Air  veeiel  probably  invented  by 
Um— Comprened  air  a  pmmineat  featare  in  all  his  iaveatioas — Air  veaiela— 4a  Heron's  foontaia— Ap 
pareafly  referred  to  by  Pliny — Air  gua  of  Ctaiibias— The  Hookah. 


The  earliest  machine  consisting  of  a  cylinder  and  piston  that  was  ex- 
pressly designed  to  force  liquids  was  probably  tl^e  syringef  an  instrument 
of  very  hi?h  antiquity :  see  its  figure  in  the  foreground  of  the  next  illustra- 
tion. To  the  closed  end  a  short  conical  pipe  is  attached  whose  dimensions 
are  adapted  to  the  particular  purpose  for  which  the  instrument  is  to  be 
used.  The  piston  is  solid  and  covered  with  a  piece  of  soft  leather,  hemp, 
woollen  listing,  or  any  similar  substance  that  readily  imbibes  moisture,  m 
order  to  prevent  air  or  water  from  passing  between  it  and  the  sides  of  the 
cylinder.  When  the  end  of  the  pipe  is  placed  in  a  liquid  and  the  piston 
drawn  back,  the  atmosphere  drives  the  liquid  into  the  cylinder;  whence  it 
is  expelled  through  the  same  orifice  by  pushmg  the  piston  down :  in  the 
former  case  the  syringe  acts  as  a  sucking  pump  ;  in  the  latter  as  a  forcing 
one.  They  are  chiefly  employed  in  surgical  operations,  for  which  they 
are  made  of  various  dimensions — from  the  size  of  a  quart  bottle  to  that  of 
a  quill.  They  are  formed  of  silver,  brass,  pewter,  glass,  and  sometimes 
of  wood.  For  some  purposes  the  small  pipe  is  dispensed  with,  the  end 
of  the  cylinder  being  closed  by  a  perforated  plate,  as  in  those  instruments 
with  which  gardeners  syringe  their  plants. 

It  has  been  said  that  the  syringe  was  invented  by  Ctesibius,  being  the 
result  of  his  first  essays  in  devising  or  improving  the  pump ;  but  such 
could  not  have  been  its  ori^n,  since  it  is  mentioned  by  philosophers  who 
flourished  centuries  before  him.  It  was  known  to  Theophrastus,  Anaxa- 
goras,  Democritus,  Leucippus,  Aristotle,  and  their  pupils :  to  the  rushing 
of  water  into  it  when  the  piston  was  drawn  up,  these  philosophers  ap- 
pealed to  illustrate  their  opposite  views  respecting  the  cause  of  the  liquid's 
ascent,  some  contending  tnat  it  proved  the  existence  of  a  vacuum,  others 
that  it  did  not.  To  this  ancient  application  of  the  syringe,  most  of  the 
early  writers  on  atmospheric  pressure  allude.^  "  It  is  pretty  strange  [ob- 
serves Desaguli'ers]  that  the  ancients,  who  were  no  strangers  to  the  nature 
of  winds,  and  knew  a  great  deal  of  their  force,  were  yet  entirely  ignorant 
of  the  weight  and  perpendicular  pressure  of  the  air.  This  is  evident,  be* 
cause  they  attribute  the  cause  of  water  rising  up  in  pumps,  or  any  liquors 
being  drawn  up  into  syringes  (commonly  calico  syphans  on  that  account, 
while  pumps  were  caird  suclung-pumps)  to  nature*s  abhorrence  of  a  va- 
cuum ;  saymg,  that  it  fiU'd  up  with  water  the  pipes  of  pumps  under  the 
inoviDg  bucket  op  piston,  rather  than  sufier  any  empty  space.  The  syringe 
was  in  use,  and  this  notion  concerning  its  suction  obtained  long  before 
Ctesibius,  the  son  of  a  barber  at  Alexandria,  invented  the  pump."^ 

•  See  Rohault't  Fhilotopby  with  Cluke'i  Notes.  Lon.  1723;  vol.  L  173.  Switzer's 
Hydrostatica,  Preface  and  172.  Chamberr'  Diet  Artielet  Syriiwe,  Embolus,  Vacuum, 
k  feu  Philo^  vol.  Ji  949. 


SW  TV  Sifringt,  [Book  lit. 

There  u  raftion  to  belicre  tiiat  the  ayrmf^  wu  employee!  bj  the  EgTp- 
tivM  in  the  proceu  of  embtLlming.  En  vanoiu  tr&iiBlatioiia  ofche  account 
(fiven  by  Herodotus  (Euterpe,  87)  it  le  expreuly  named:  "They  fill  » 
tyring  with  germe  of  cedar  wood  and  inject  it."*  Dr.  Rees,  in  his  edi- 
tion of  Chambers*  Dictionary,  (Art.  Emltalming',)  uses  the  terms  "  infusing 
by  a  syrinze,"  end  "  syringing  a  liquid,"  &c.  The  least  expensive  niode 
<»  embalming  was  "  ii^sing  by  a  syringe  a  certain  liquid  extiac^ted  from 
the  cedar. "^  Beloe,  in  his  translation,  does  not  ii)dicace  the  instrument 
tuod — they  "  inject  an  unguent  made  from  the  cedar."  As  clysters  origi- 
nated in  £fgypt,  and  were  used  monthly  by  the  inhubitants  as  a  preserva- 
tire  of  health,  (Herod,  ii,  77,)  we  are  most  probably  indebted  lo  the  people 
of  that  country  for  the  syringe.  Had  it  been  a  Grecian  or  Roman  inveti- 
lion,  the  name  of  its  author  would  have  been  known,  for  from  its  utility  and 
•pplicalion  to  various  useful  purposes,  an  account  of  the  circutnatancea 
connected  wilL  iu  origin  was  as  worthy  of  preservation,  as  those  relating 
to  the  pump  or  any  other  machine.  Suetonius  uses  the  term  "  clyster"  to 
denote  the  instrument  by  which  it  was  admlnisiered ;  and  Celsos  by  it, 
refers  to  "a  little  pipe  or  squirt."  (Ainsworth.)  Hippocrates  and  the  elder 
Pliny  frequently  mention  clysters,  but  without  describing  distinctly  th« 
instrument  eranloyed  :  the  latter  in  his  30th  book,  cap.  7,  seems  to  refer 
to  the  common  pewter  syringe,  '  on  tnttrnmait  or  pipe  oftai:"  this  is  at 
least  probable,  ior  pew  ter,  accordingto  Whittaker,  was  borrowed  from  the 
Ruuians,  It  is  well  ascertained  Laal  pewierers  were  among  the  earliest  ' 
worker*  of  metal  in  England.  A  company  of  them  was  incorporated  in 
1174  ;  but  at  what  time  the  syringe  becamn  a  staple  article  of  their  ma- 
tm&cture  is  uncertain. 


Na.n9k    BpiifMBMlbr  lllido«iig*l«brH![f  laainllTiaHltainA 

Had  die  syringe  not  been  mentioned  by  ancient  authors,  its  antiquity 
might  be  inferred  front  a  particular  emt  loj'ment  of  it  by  the  Hindoo*.  Ths 
trts,mnnnera  and  customs  of  these  people  have  remained  unchanged  from 
very  remote  times ;  and  such  is  their  predilection  for  Me  religious  insti- 
tUUons  of  their  ancestors,  that  nothing  has,  and  apparently  rothmg  can  in- 
duce them  to  admit  of  the  slightest  change  in  the  ceremonies  that  pertain 
to  the  worship  of  their  deities :  hence  the  same  rites  are  sUll  performed, 

in  Oftili^i  Afrka.    Lon.  1070,  p.  61.    '  HiMarical  DarsriplioD  of  E|;pt. 
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tfnd  by  means  of  the  same  kind  of  instruments  as  when  Alexander  or 
even  Bacchus  invaded  India.  In  some  of  their  reliffious  festivals  tlie 
syringe  is  made  to  perform  a  prominent  part ;  for  a  red  powder  is  mixed 
with  water,  with  which  the  worshipers  "  drench  one  another  by  means 
of  a  species  of  squirt ;  to  represent  Parasou  Rama,  or  some  other  hero 
returning  6t>m  battle  covered  with  blood.^'  Some  writers  suppose  the 
ceremony  is  designed  to  celebrate  "  the  orgies  of  Kriahna  with  his  mis- 
tresses afid  companions."  No.  115  represents  a  nyah  and  some  of  his 
wives  engaged  m  this  singular  species  of  religious  worship  and  connubial 
exercise,  m  honor  of  Krishna.  The  instruments  are  clearly  garden  syringes, 
and  probably  of  the  same  kind  as  are  mentioned  by  Heron  of  Alexandria, 
as  used  in  his  time  for  sprinkling  and  dispersing  water. 

The  Hohlee  is  another  Hindoo  festival  which  resembles  in  some  mea 
sure  the  Saturnalia  of  the  Romans.  It  is  observed  through  all  Hindostan, 
and  in  celebrating  it,  the  syringe  is  put  in  requisition.  Mr.  Broughton, 
who,  with  some  other  Europeans,  visited  a  Mahratta  rajah  to  witness  the 
^remony,  observes — "  A  few  minutes  after  we  had  taken  our  seats,  large 
brass  trays  filled  vdth  aheer,  and  the  little  balls  already  described  were 
brought  m  and  placed  before  the  company,  together  with  a  yellow-coloured 
water,  and  a  large  silver  sguirt  for  each  individual.  The  Muha  Raj  him  • 
self  began  the  amusements  of  the  day,  by  sprinkling  a  little  red  and  yellow 
water  upon  us  from  the  godahdans,  small  silver  vessels  kept  for  the  pur- 
pose of  sprinkling  rose-water  at  visits  of  ceremony.  Every  one  then 
oegaii  to  throw  about  the  abeer,  and  to  squirt  at  his  neighbour  as  he  pleas- 
ed.*' (Shoberl's  Hind.  vol.  ii,  241,  and  vol.  vi,  14.)  A  somewhat  similar 
custom  prevails  in  Pegu.  At  the  fuut  of  waters,  the  king,  nobles,  and 
all  tlie  people  sport  themselves  by  throwing  water  upon  one  another ;  and 
*'  it  is  impossible  to  pass  the  streets  without  being  soundly  wet."  (Oving- 
ton's  Voyage  to  Surat  in  the  year  1689.     Lon.  1696  :  page  597.) 

The  syringe  in  front  of  No.  115,  is  «:opied  from  Rivius*  German  Trans- 
lation of  Vitruvius,  A.  D.  1548.  It  is  from  a  view  of  the  barber's  shop 
belonging  to  the  father  of  Ctcsibius.  (See  pp.  121  and  122  of  this  volume.) 
Across  the  shop  is  a  partition,  behind  which  the  young  philosopher  is  seen 
intently  perusing  a  book,  and  on  the  floor  around  him  are  a  flute,  a  syringe, 
a  pair  of  bellows,  bagpipes,  &;c. ;  while  in  front,  the  old  gentleman  in  the 
European  costume  of  the  16th  century,  and  witli  a  sword  at  his  side !  is 
actively  engaged  in  punlylng  the  head  and  face  of  a  customer. 

In  the  third  volume  of  a  Collection  of  "  Emblems,  Human  and  Divine" 
in  Latin :  Prague,  1601,  paj?e  76,  a  pair  of  bellows,  a  sy^ringe,  and  a  flying 
eolipile  are  represented  as  forming  the  device  of  some  old  Italian  fiunily, 
with  the  singular  motto,  *'  Todo  est  viento.** 

Few  ancient  devices  could  be  pointed  out  that  have  given  rise  to  more 
important  improvements  in  the  arts  than  tlie  primitive  syringe.  Its  modi- 
fic€Uions  exert  an  extensive  and  beneficial  influence  in  society.  As  a  pis- 
ton bellows  it  is  still  exteubively  used  in  oriental  smithcries-^and  as  the 
same,  it  contributed  to  one  of  the  most  refined  pleasures  of  the  ancients,  by 
supplying  wind  to  their  organs.  It  may  be  considered  as  the  immediate 
parent  of  the  forcing  if  not  of  the  atmospheric  pump — in  l)Oth  of  which 
It  has  greatly  increased  the  comforts  and  conveuiencies  of  civilized  life ; 
in  tlie  fire-engine  it  protects  both  our  lives  and  our  property  from  the 
most  destructive  of  the  elements ;  and  in  the  hands  of  tlie  surgeon  and 
physician  it  extends  the  duraUon  of  life  by  removing  disease.  The  mo- 
dern philosophical  apparatus  for  exhausting  air,  and  the  ancient  one  for 
condensing  it ;  the  mammoth  blowing  machines  in  our  founderies,  and 
the-steam  engine  itself,  ai-e  all  modifications  of  the  syringe. 


U»  Sirngje-Viave  Forctug  Pwnjw.  [Book  m. 

A  Forcing  pump  dlfTen  but  litde  from  a  syringe :  the  latter  receives  ud 
expels  K  liquid  through  the  lame  passage,  but  the  fonner  ha|  a  separate 
pipe  for  its  discharge,  and  both  the  receiving  and  discharging  orifices  are 
covered  with  valves.     By  this  arrangement  it  is  not  ncf^ssary  to  remove 
ft  pump  from  the  liquid  to  transfer  the  contents  of  its  cylinder,  as  is  done 
with  the  syringe,  but  the  oper&tioD  of  forcing  up  wuter  may  be  continuous 
while  the  instrument  is  immoveable.  A  forcing  pump,  therefore,  is  merely 
a  syringe  furnished  with  an  induction  and  eduction  valve — one  through 
which  water  enters  the  cylinder,  the  other  by  which  it  escapes  from  iL 
Of  the  process  or  reasoning  which  led  to  the  application  of  valve*  to  the 
lyringe,  history  is  silent;  but  as  has  been  remarked  in  a  previous  chap- 
ter, their  employment  in  bellow-s  or  air  forcing  machines,  probably  opened 
the  way  to  their  introduction  into  water  forcing  ones.     The  ordinary  bel- 
lows has  but  one  valve,  and  the  simplest  and  most  ancient  forcing  pumps 
have  no  mom.  One  of  theio  is  shown  at  No.  116.    It  represents  a  syringe 
having  the  orifice  at  the  bottom  of 
the   cylinder  covered  by  a  valve 
or  clack,  opening  upwards  f  and 
a  discharging  pipe   connected  to 
the  cylinder  a  little  above  iti  when 
placed  in  water  the  orifice  of  this 
pipe  is  closed  with  the  finger,  and 
the  piston  being  then  drawn  up, 
the  cylinder  becomes  charged,  and 
when  the  piston  is  pushed  down 
the  valve  closes  and  the  liquid  is 
forced  through  the  pipe.      In  tiiis 
machine  the   finger  performs  thti 
part  of  ft  valve  hy  preventing  air 
from  entering   the  cylinder  when 
the  piston  is  being  raised.      Siicb 
pumps  made  of  tin  piate  were  for- 
merly common,  and  weft  used  to 
wash  windows,  syringe  plants  and 
No-ui.  ■  tt«.in.  garden  trees,  %c.     The  figjre  is 

aiigl.-vdn  Forelnf  fnmp^  from  plate  67  of  "  L'Esploiter  des 

Mines,"  in  Ahtb  bt  Metiem,  and  is  descnbed  vpige  '  584)  as  a  I>ulc\ 

Sump,  "  pour  envoyer  commod^ment  de  I'eau  dans  les  difierents  quortiert 
e  I'attelier." 
No.  117  is  another  single-valve  forcing  pump  from  the  second  volume 
of  a  Latin  treatise  on  Natural  Philosophy,  by  P.  P.  Si«inmeyer,  Friburgh. 
17G7.  It  is  secured  in  a  cistern,  the  surface  of  the  water  m  which  i^  al- 
ways kept  above  the  small  openings  made  through  the  upper  part ;  so 
that  when  the  piston  is  drawn  uu,  as  in  the  figure,  the  liquid  Sows  in  and 
filU  it ;  and  on  thi  descent  of  trie  piston  the  water  is  forced  up  the  as- 
cending pipe,  the  valve  preventing  its  return.  This  is  a  very  simple 
and  ctncicnt  forcing  pump  ;  and  having  no  induction  valve  and  the  piston 
being  always  under  water,  it  is  not  very  liable  to  derangement.  It  has, 
however,  its  defects  ;  for  in  elevating  tne  piston  the  whole  weight  of  the 
atmosphere  above  it  has  to  be  overcome,  a  disadvantage  that  in  large  ma- 
chines would  notiw  compensated  by  the  saving  of  a  valve.  As  the  piston 
has  to  pass  the  holes  in  the  upper  part  of  the  cylinder,  its  packing  would 
be  injured  if  their  inner  edges  were  not  rounded  off.  This  pump  has  been 
erroneously  attributed  to  a  modem  European  engineer ;  see  the  London 
Register  of  Arts,  v,  154,  and  Journal  of  the  Franklin  Institute,  viii,  379, 
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Tlie  ordinary  forcing  pump  lias  two  valves,  as  in  the  annexed  figure, 
wHch  represent  it  aa  generally  made.  The  cylinder  is  placed  above  the 
■uriace  of  the  water  to  be  raised,  and  consecjucntly  ia  charged  by  tLc  pies- 
■ure  of  tlie  atmosphere  ;  the  machine,  thereforo,  is  a.  compound  one,  dif- 
fering from  that  last  described,  which 
is  purely  a  forcing  pump,  the  water  en- 
tering Its  cylinder  by  gravity  alone. 
The  action  of  the  machine  now  undor 
consideration  is  similar  to  thai  of  the 
syringe :  when  the  piston  is  raised  the 
air  in  the  pipe  below  the  cylinder  rushes 
through  the  valve  and  is  expelled  on 
the  descent  of  the  piston  through  the 
other  valve  in  the  ascending  or  dis- 
charging pipe ;  and  on  a  repetition  of 
the  strokes  of  the  piston,  wUcr  rises  in 
the  auction  pipe,  enters  the  cylinder, 
and  is  expeijed  in  the  like  manner. 
Pumps  of  this  kind  are  sometimes  placed 
in  the  yards  of  dwelling  houses,  the 
auction  pipe  extending  into  a  well,  and 
the  ascending  one  to  a  cistern  in  the 
upper  parts  of  the  building.  In  these 
cases  a  cock  ia  generally  inserted  a  lit- 
tle above  the  valve  in  the  ascending 
Mo.  ua  CoBBOD  FnnOf  Fnpw  p'p^  to  supply  water  if  required  in  the 

vicinity  of  the  puftip. 
The  beautiful  instrument  used  of  late  years  to  transfer  licjuids  into  and 
li'Otn  the  human  stomach  is  a  modification  of  the  above  machine.  It  cannot 
with  propriety  be  named  a  svrinee,  for  as  it  is  ftimished  with  valves,  it  is, 
in  every  respect,  a  pump.  Having  been  employed  with  much  success  in 
mthdrawing  poison  from  the  stomach,  it  is  now  justly  classerl  ajiioiig  the 
essential  apparatus  of  the  surgeon.  Its  origin  and  hialory  arc  detailed  in 
a  pamphlet  pubUshed  by  its  inventor,  Mr.  John  Read,  of  England,  who 
devised  it  in  1819,  and  in  the  following  year  obtained  a  patent  tor  it  under 
the  name  of  a  "Stomach  and  Enema  Pump."  After  visiting  London 
twice  in  vun  for  the  purpose  of  procuring  suitable  tubes,  he  tried  to  get 
■ome  made  in  the  count^,  but  failed.  On  a  third  visit  to  the  metropolis 
he  obtained  an  indifihrent  one  which  he  thought  might  answer,  and  after 
adapting  it  to  a  pump,  "  I  then  [he  observes]  presented  it  to  Sir  Astley 
Cooper,  who  asked  me  for  what  purpose  it  was  intended  :  I  told  him  it 
was  intended  for  the  removal  of  Ruid  poisons  from  the  human  stomach ; 
after  a  few  minutes  inspection  of  the  instrument,  Sir  A.  made  the  follow- 
mg  reply  r — ''alxiut  three  weeks  ago  I  was  called  to  attend  a  young  lady 
about  10  o'clock  in  ti.e  morning  who  had  taken  opium ;  1  gave  her  sul- 
phate of  copper,  sulphate  of  zinc  and  other  things ;  I  sat  by  her  until 
eight  in  the  evening,  when  she  died  !  If  I  had  ocon  in  possession  of  this 
instrument  at  the  time,  I  could  have  relieved  her  in  five  minutes,  and  have 
saved  her  life.'  After  many  questions  how  1  came  to  think  of  such  a 
thing,  which  I  satisfactorily  explained,  he  said  '  what  can  I  do  for  you  V 
my  answer  was — the  pubbcity  of  your  opinion  is  all  i  wish  :  ho  replied, 
'  tliat  you  shall  soon  have ;'  and  he  ordered  roe  to  meet  him  the  next  day 
at  Gruy's  Hospital  at  one  o'clock,  when  he  proposed  to  try  an  e.tporinieut 
on  a  oog ;  but  as  no  dog  could  be  procured,  [that  day,]  Sir  Astley  pro- 
posed Friday  at  the  some  hour  ;  when  I  aUend''')  as  before,  and  a  dog 
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wu  cben  read;  for  the  experunent  in  the  operMtng  dieatre,  which  wu 
crowded  to  exceis.  The  do^  wu  brought  to  Sir  A.  who  gave  him  fbor 
drachmi  of  opium  diBtolTCd  m  water.  The  dog*!  pulae  was  first  u  180; 
in  seven  minutea  it  fell  to  110,  and  from  that  to  90.  The  poison  was  rat' 
fered  to  remain  in  the  dop's  stomach  33  minutes,  til!  he  apoet-fd  to  be 
dead,  and  I  wa«  doubtful  it  would  be  the  case  betore  Sir  A.  wojld  let  me 
tise  the  pump,  I  must  conieu  I  yraa  very  impatient  to  be  at  wcrk^on  the 
dog  with  my  instrument  in  hand  ready  for  action.  Sir  A.  kept  hu  fiitger 
on  the  dog's  pulse,  then  at  90,  and  said  very  deliberately, '  I  think  it  will 
do  now,  as  it  is  33  minutes  nuce  I  gave  hira  the  dose.'  A  baun  of  wann 
water  being  :hen  brought.  Sir  A,  passed  the  tube  1  had  provided  into  the 
dog's  stomach  :  I  immediately  pumped   the  whole   contents  of  the   ba^ 

Sthe  warm  waterj  tmta  the  stomach,  and  as  quickly  repuii.ped  the  whole 
rora  the  stomach,  containing  the  laudanum,  back  again  into  the  basin.  Sir 
A.  observed,  while  I  was  emptying  the  dog's  stomach,  the  laudanum  swim- 
ming on  the  surface,  and  said  '  It  wUl  do  ;'  a  second  basin  of  water  was 
then  inj<>cled  and  withdrawn  by  the  pump  aa  before  ;  I  asked  fur  a  ikird, 
but  Sir  Astley  said  it  was  unnecessary,  as  the  laudanum  had  all  been  re- 
turned in  the  first  basin."  In  half  an  hour  the  animal  was  completely  re- 
vived and  running  about  the  theatre. 

It  may  be  if  use  to  state,  that  the  quickest  and  easiest  mode  of  employ- 
ing a  stomacu  pump  faceording  to  the  inventor)  is  to  use  it  only  as  a. fore- 
tug  pump — that  is  to  mject  warm  water  or  other  dilutents  into  the  stomach 
imti)  that  organ  becoming  surcharged,  the  fluid  regui^tates  by  the  mouth; 
In  other  wonis  to  fill  the  stcHuach  to  overflowing — the  liquid  passing  dawn 
the  tube  and  rising  through  the  oesophagus  by  the  side  of  it ;  the  opetv 
tiun  being  continued '  liU  the  fluid  returns  unchanged.  In  t'la  abeence  of 
R  pump,  a  tunnel  or  other  veaael  attached  to  a  flexible  tube  might  answer. 


There  ar«  numerous  varieties  in  stomach  pumps,  arinng  from  the  dif> 
ferent  modes  of  constructing  and  arranging  tne  valves,  so  as  either  to  in- 
ject or  withdraw  liquids  through  the  same  tube  without  shifting  the  appa-. 
ratus.  No.  119  represents  one  that  is  described  in  the  Journal  of  the 
Franklin  Institute,  (vol.  xiti,  SS3.)  It  consists  of  an  ordinary  syringe 
screwed  to  a  cyliairical  valve  bbx  which  contains  two  egg-shaped  cavi- 
ties. In  each  <,\r.ty  is  a  small  and  loose  spherical  valve  that  fits  either  of 
din  orifices.  Two  flexible  tubes  are  attached  to  each  cavity  as  represented. 
Suppose  the  upper  tube  inserted  into  a  person's  stomach  and  the  lower 
one  into  a  basin  of  warm  water ;  if  the  syringe  were  then  worked,  the 
Equid  would  be  forced  into  the  stomach  and  the  poison  diluted  :  then  by 
turning  the  instrument  in  the  hand  so  as  to  bring  the  upper  tube  down, 
(without  withdrawing  the  one  in  the  stomach,)  the  valves  would  drop  upon 
the  other  orifices  in  each  cavity,  and  the  syringe  would  raise  the  contents 
of  the  stomach  into  the  basin,  as  represented  in  the  figure. 
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We  hare  no  idea  that  tlie  Inventor  of  the  stomacli  pump  was  indebted 
to  Hudibrat  for  the  hint,  yet  that  old  warrior  se«Rid  not  only  to  have  been 
a  proper  subject  for  its  occasional  apptication,  but  he  appears  to  h&Te  had 
some  notions  that  might  eventually  have  led  to  it.  Those  readers  who 
aie  &miliar  with  Butler's  account  of  him  will  remember  that  when  he  was 
inmilied  by  Talgol  the  butcher,  the  knight,  as  he  justly  might, 

"grew  hij^  in  wroUi. 

And  liftinpr  hauds  and  aye*  up  both, 
Three  IJines  he  iiDOle  on  aUmiach  Ktiiiil 
Froni  whence  at  laat  iheac  wordit  broku  out : 


Nor  all  that  bice  that  aiakei  thee  proud, 
BecnuM  by  bullock*  ne  er  withatood, 
Shall  save,  or  help  then  to  evade 
The  hand  nrjiutlce.  or  this  blade. 
Nor  (hull  thoae  words  of  veuom  t>ase, 
Which  Ihou  hnM  t'rom  Iheir  native  plite« 
Ti^  Wnuadi,  fiaitpi  lo  fling  en  me 

Thou  down  the  mnit  throat  ahall  devour  'em, 
*  Like  loitiMd  hecT,  and  pay  dew  Tor  'em." — Canto  ii.  Port  I. 

It  was  a  common  practice  with  the  ancient  Roman  epicures  to  empty  the 
Momach  by  an  emetic  before  dinner.  Had  the  application  of  the  pump 
for  such  a  purpose  been  then  know::,  it  would  of  course  have  been  pre- 
ferred as  the  more  ^reea.ble  and  certain  device  of  the  two.  But  if  the 
ancients  had  no  anparatus  for  withdrawing  the  contents  of  the  stomach, 
Uiey  were  not  destinte  of  means  for  conveying  nauseous  or  corroding 
liquids  hUo  it.  Piiny,  in  his  Ndt.  Hist,  mx,  6.  says  such  medicines  were 
swallowed  "  through  a  pipe  or  tunnel"  inserted  uto  the  mouth  for  that 
porpow. 

The  pump  figurel  at  No.  118  ejects  water  as  a  syringe  and  only  when  tha 
piston  IS  forced  down ;  but  bythe  addition  of  what  is  ctuled  a.a  air-vtt»el,  the 
stream  from  the  discharg- 
ing pipe  may  be  made  coi^ 
tinuoua:  this  vessel  is  clof- 
ed  at  its  upper  part,  and 
open  at  bottom,  where  it  ii 
connected  by  screws  to  the 
forcing  pipe  directly  over 
the  valve,  as  represented  in 
the  annexed  illustration.  A 
dischs:^ng  pipe  may  tlidu 
be  co:inected  to  the  lower 

Crt  of  the  vessel,  or  it  may 
,  OS  it  often  i*,  inserted 
through  the  lop,  in  which 
case  Its  lower  end  should 
extend  nearly  to  the  bottom. 
When  by  the  descent  of  the 
piston  water  is  forced  out 

-       -  of  the  cylinder,  part  of  it 

eciers  the  pipe,  and  part  rushes  past  it  and  eompratet  the  air  confined  in 
the  upper  part  of  the  vessel ;  and  when  the  piston  is  raised  to  draw  a 
fresh  portion  into  the  cylinder,  this  air  expands  and  drives  out  the  water 
that  compressed  it  and  thus  renders  the  stream  constant.  It  will  be  pep- 
G«:ved  tliai  the  uuaniity  of  water  raised  is  not  mcieased  by  this  arrange* 
31 
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ment ;  its  flow  from  the  diocharging  orifice  being  merely  rendered  miifbrm, 
or  nearly  bo. 

In  the  ordinary  use  of  forcing  pumps  a  constant  instead  of  an  inter- 
rupted flow  of  water  from  the  discharging  orilice,  may  be  a  matter  of 
no  importance  ;  but  when  those  of  large  dimensions  are  required  to  raise 
it  to  great  elevations,  air  vessels  are  not  only  valuable  but  indispensable 
adjuncts ;  for  the  elastic  fluid  within  them  forms  a  medium  for  ^-adually 
overcoming  the  inertia  of  the  ascending  liquid  columns,  and  thereby  pre- 
vents those  jars  and  shocks  which  are  incident  to  aU  non-elastic  substances 
in  rapid  motion,  when  brought  suddenly  to  a  state  of  rest.  A  column  of 
water  moving  with  great  velocity  through  a  pump,  produces,  when  in- 
stantly stopt,  a  concussion  like  that  of  a  solid  rod  of  the  same  length,  when 
its  end  is  driven  against  an  unyielding  object ;  but  with  an  air-vessel,  the 
effect  is  like  that  of  the  same  rod  when  brought  in  contact  with  a  bale  of 
cotton  or  caoutchouc.  Less  force  is  required  also  to  work  pumps  that 
have  au'-vessels,  because  in  them  the  column  of  water  in  the  discharging 
pipe  is  continued  in  motion  during  the  ascent  of  the  piston,  hence  it  has 
not  to  be  moved  from  a  state  of  rest  on  the  piston's  return.  When  two 
or  more  cylinders  are  connected  to  one  discharging  pipe,  one  air-vessel 
only  is  required,  as  in  fire-engines,  water- works,  &c. 

It  is  this  kind  of  forcing  pump  that  is  generally  adopted  in  water-works 
for  the  supply  of  towns  and  cities ;  the  piston  rods  being  moved  by 
cranks  or  levers  attached  to  water  wheels :  sometimes  they  are  driven  by 
windmills,  steam-engines,  and  by  animals.  The  cylinders  are  commonly 
used  perpendicularly  as  in  the  ngure,  but  they  are  sometimes  worked  in 
an  inclined  and  also  in  a  horizontal  position. 

The  celebrated  pump  of  Ctesibius  was  constructed  like  that  represented 
in  the  last  figure,  except  that  it  had  two  cylinders.  It  seems  to  have  been 
almost  identical  in  its  construction  with  our  fire-engines.  "  It  remains  now 
[says  Vitruvius]  to  describe  the  machine  of  Ctesibius  which  raises  water 
very  high.  This  is  made  of  brass;  at  the  bottom  a  pair  of  buckets* [cylin- 
ders] are  placed  at  a  little  distance,  having  pipes  like  the  shape  of  a  fork 
annexed,  meeting  in  a  basin  in  the  middle.  At  the  upper  holes  of  the 
pipes  within  the  basin,  are  made  valves,  hinged  with  very  exact  joints ; 
which,  stopping  the  holes,  prevent  the  efllux  of  the  water  that  will  be 
pressed  into  the  basifi  by  the  air.  Upon  the  basin  a  cover  like  an  inverted 
funnel  is  fitted,  which  is  adjoined  and  fastened  to  the  basin  by  a  collar, 
riveted  through,  that  the  pressure  of  the  water  may  not  force  it  off* :  find 
on  the  top  of  it,  a  pipe  called  the  tuha^  is  affixed  perpendicularly.  The 
buckets  [cylinders]  have  valves  placed  below  the  lower  mouths  of  the 
pipes,  and  fixed  over  holes  that  are  in  their  bottoms  :  then  pistons  turned 
very  smootli  and  anointed  with  oil,  being  inclosed  in  the  buckets  [cylin- 
ders] are  worked  with  bars  and  levers  from  above ;  the  repeated  motion 
of  these,  up  and  down,  pressing  the  air  that  is  therein  contained  with  the 
water,  the  holes  being  shut  by  the  valves,  forces  and  extrudes  the  water 
through  the  mouths  of  the  pipes  into  the  basin ;  from  whence  rising  to  the 
cover,  the  air  presses  it  upwards  through  the  pipe ;  and  thus  from  tlie  low 
situation  of  the  reservoir,  raises  it  to  supply  the  public  fountains."  Book 
X,  cap.  12.     Newton' s  Trans. 

The  machine  as  thus  described  :s  a  proof  of  the  progress  which  'he  «n- 
lients  had  made  in  hydraulics  :  the  whole  appears  to  have  been  of  the 
most  durable  matsrials,  and  of  the  best  workmanship.  Although  the  ngurei 
of  this  and  other  machines'which  Vitruvius  inserted  in  his  work  arc  lost, 
there  is  little  difficulty  in  realizing  its  construction  from  the  text.   J'r^nsia- 
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ton  and  commentaUra  liave  generally  agreed  in  their  views  of  is  aa  re- 
presented below,  viz :  two  ordinary  forcing  pomps  connected  tc  an  ail- 
veseel  and  one  discharging  pipe. 


Na.iai.    MublM  oTCluiUuf. 

TliCcyUnderaare  secured  in  a  frame  of  timber,  and  the  piston  rods  are 
B'lached  by  Joints  to  levers,  one  end  of  which  are  depressed  by  cams  sn 
rfie  axis  of  the  wheel,  as  shown  above  and  also  at  No.  89.  Barb&ro  has 
tlg'Jred  a  crank  at  the  axis  which  gives  a  reciprocating  motion  to  a  hori- 
Bonialslaf;  placed  over  the  pumps,  and  projecting  pieces  from  which  impart 
cnotion  lo  the  piston  rods.  Vitruvius  iiuorms  us  tiiat  when  machines  were 
•fonliyed  to  raise  'vater  from  rivers,  they  were  worked  by  undei'shot 
whoels  impelled  by  the  stream,  and  hence  the  pumps  of  Cl«sibius  u'ere 
believed  to  ha"e  been  moved  by  the  same  means. 

But  for  Vitjnivlns  we  should  not  have  known  that  forcing  pumps  con- 
stituted part  of  the  water  works  of  antic^uity ;  and  had  he  nnt  remarked 
tbat  they  were  onjil.yed  to  supply  "  Tublic  fountains,"  it  might  have  been 
•apposed  that  water  never  rose  fiigher  in  the  dwellings  of  ancient  citiea 
than  thai  which  was  drawn  directly  from  the  aqueductg. 

It  would  be  alrcost  unpardonable  to  pass  over  this  celebrated  machme 
without  further  remark,  since  it  is,  in  several  reapcc:s,  c.'.e  of  the  most 
interostiiig  of  all  antii^iiity.  An  account  of  its  {)ri?in  end  early  history 
would  form  a  commenlai  y  on  nuat  of  the  arts  and  sciences  of  tbt'  ancients, 
and  would,  we  believe,  ftimiah  evidence  of  their  progress  in  some  of  them 
th»l  few  ari!  willing  to  believe.  Although  it  was  attributed  to  Ctesibius, 
tfaeru  is  smne  uncertainty  respecting  the  extent  of  his  claims.  It  may  a[>- 
pftar  invidious  to  attempt  to  rob  this  illustrious  man  of  inventions  ascribed 
to  h.KM  but  our  object  is  to  ascertain,  not  to  depreciate  them  or  diminisb 
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their  number.  It  has  frequently  been  remarked  that  little  depeadenee 
can  be  placed  on  ancient  writers  as  regards  the  authors  of  the  useful  ma- 
chines. Generally  those  who  introduced  them  from  abroad,  who  im- 
proved them,  increased  their  effects,  or  extended  their  appiici^tion,  were 
reputed  their  inventors.  This  has  been  the  case  more  o^*  l^ss  m  eveiy 
part  of  the  world,  and  is  so  at  the  present  day.  The  Greeks  found  au- 
thors amonff  themselves  for  almost  every  machine,  although  most  of  them 
were  certainly  derived  from  Egypt.  Thus,  the  sails  and  masts  of  ships, 
the  wedge,  auger,  axe  and  level,  were  known  before  Dsddalus.  The 
taw,  drill,  compasses,  fflue  and  dovetailing,  before  Talus.  Cast  iron  was 
employed,  and  mouldmg  pracjticed,  and  the  lathe  invented,  long  before 
Theooorus  of  Samos  lived;  ana  the  screw  lAd  the  crane  before  Archytss. 
The  iast  individual  was  celebrated  for  various  inventions,  and  among 
others,  Aristotle  mentions  the  child's  rattle,  from  which  it  may  be  infer* 
red  that  he  was  an  amiable  man  and  fond  of  children— but  Egyptian 
children  were  amused  with  various  species  of  toys,  centuries  before  he 
flourished ;  and  they  then  had  dolls  whose  limbs  were  moved  by  the 
pulling  of  strings  or  wires,  as  ours  have  at  this  day.  Wilkinson's  Man- 
ners and  Customs  of  the  Ancient  Eygptiana.     Vol.  li,  426-7. 

As  regards  machines  for  raising  water,  we  have  already  seen,  that 
some  have  been  ascribed  to  ethers  than  their  authors.  Even  the  siphon 
has  been  attributed  to  Ctesibius,  (Adams's  Lectures,  vol.  iii,  372,)  because 
it  was  found  in  the  construction  of  his  clepsydra,  and  no  earlier  appllccLJon 
of  it  was  then  known ;  but  it  is  now  ascertained  to  have  been  in  common  use 
amonj<  his  countrymen  in  the  remote  age  of  Ramescs — in  tlie  Augustan 
era  of  Egypt,  when  the  arts,  we  are  informed,  "attained  a  degree  of  per- 
fection, which  no  after  age  succeeded  in  imitating.'*  Had  the  "  Commenta- 
ries of  Ctesibius"  to  which  Vitruvius  referred  his  readers  for  further  inf>  i- 
mation,  been  preserved,  we  should  have  had  no  occasion  to  attempt  •i^io'i- 
nition  of  his  claims  to  the  forcing  pump ;  unfonunately,  however^  tiie^d 
and  Archimedes'  Treatise  on  PneumaQc  and  Hydrostatic  Engines  have 
perished,  and  have  left  us  in  comparative  ignorance  of  the  history  of  soih 
machines  among  the  ancients. 

We  have  already  seen  that  the  syringe  was  in  common  use  ages  beflira 
Ctesibius,  and  that  it  was  employed  by  philosophers  to  illustrate  their  hy- 
pothesis of  water  rushing  into  a  vacuum.  Now  a  forcing  pump  is  merely 
a  syringe  with  an  additional  orifice  for  the  lic|uid*s  discharge,  and  having 
both  its  receiving  and  discharging  orifices  covered  by  valves  or  clacks.  Cte- 
si^lu3  therefore  did  not  invent  the  piston  and  cylinder,  nor  was  he  the  first 
to  discover  the  application  of  these  to  force  water,  for  they  were  in  pre- 
vious use  and  for  that  purpose.  Was  he  the  inventor  of  valves  t  No,  for 
they  were  usedtn  the  Egyptian  bellows  thirtesn  or  fourteen  hundred  yeans 
before  he  lived,  and  appear  always  to  have  been  an  essential  part  of  those 
instruments.  They  were  employed  in  clepsydra ;  and  were  most  likely 
used  in  the  hydraulic  organ  of  Archimedes,  which  TertuUian  has  des- 
cribed. Is  the  arrangement  of  the  valves,  by  which  water  is  admitted 
through  one  and  expelled  by  the  other,  to  be  ascnibed  to  himi  We  believe 
not,  for  the  Jiame  arrangement  was  previously  adopted  in  the  bellows,  so 
far  as  regards  the  application  of  one  of  them,  and  the  principle  of  Ik  th : 
and  if  it  could  be  shown  that  the  Chinese  bellows  was  then  in  use,  as  we 
suppose  it  was,  and  possibly  known  in  Egypt,  (for  that  some  fntcrcourse 
did  take  place  in  ancient  times  betwen  Ee^pt  and  China,  even  if  one  peo- 
ple be  not  a  colony  of  the  other,  is  proved  by  Chinese  bottles  and  inscrip- 
tions found  in  the  tombs  at  Thebes,)  then  the  merit  of  Ctesibius  would 
seem  to  be  confined  principally  to  the  construction  of  metallic  bellows  as 
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^  water  forcers/'  or,  to  the  applieatian  of  valves  to  the  ordinary  syringe ^  by 
which  it  was  converted  into  a  forcinK  pump,  either  for  air  or  water.  But 
it  is  not  certain  that  the  last  was  not  done  before,  for  neither  Vitruvius  nor 
Pliny  asserts  that  '*  water  forcers''  were  not  in  previous  use.  The  former 
says  he  applied  the  principle  of  "  compressed  air"  to  them,  in  common 
with  *'  hydraulic  organs,"  *'  automatons,"  "  lever  and  turning  machines,'* 
and  "  water  dials,"  (Book  ix,  cap.  9;)  hence  it  may  as  well  be  concluded 
from  liiis  passage,  that  he  invented  thesa  as  the  pump.  It  is,  indeed,  almost 
impossible  to  believe  that  tlie  Egyptians,  of  whose  sagacity  and  ingenuity, 
nnri /ailed  monuments  have  come  down,  did  not  detect  the  appucation  both 
of  the  bellows  and  syringe  to  raise  water  long  before  Ctosioius  lived } 
Leace  we  are  inclined  to  place  the  forcing  pump  in  its  aimplest  form,  with 
ihj  synnge  and  atmospheric  pump,  among  the  workc—  ^ 

**  Cfqaiues  once  famed,  now  dubious  or  forgot 
Aad  buried  'midst  the  wreck  of  tilings  that  were.'* 

Ihat  the  forcing  pump  was  greatly  improved  by  Ctesibius,  theie  can 
be  no  question  ;  but  that  which  gave  celebrity  to  his  machine  was  proba- 
bly the  air-vessel,  an  addition,  which  though  not  very  clearly  described  by 
Vitruvius,  appears  to  have  originated  with  him.  loy  it  the  pump  instead 
of  acting  as  before  like  a  squirt  or  syringe  producea  a  continuous  stream 
as  in  ^jet  d^eauy  a  result  well  adapted  to  excite  admiration,  and  to  give 
eclat  to  his  name.  The  whole  account  of  his  machine  shows  its  conneo* 
don  with  and  dependence  upon  air;  whereas  had  it  been  simply  a  forcing 
pump  it  would  have  had  nothing  to  do  with  it:  it  would  have  raised  watei 
independently  of  it ;  and  without  an  air-vessel  Vitruvius  never  could  have 
asserted  that  it  forced  water  up  the  dischar^ng  tube  by  means  of ''  air 
prelbing  it  upwards."  Compressed  air  acted  a  prominent  part  in  all  his 
machines.  In  his  wind  guns,  water  clocks,  and  numerous  automata;  some 
of  the  latter  in  the  shape  of  birds,  &c.  appeared  to  sing,  others  '*  sounded 
trumpets,"  and  these  results  are  said  to  have  been  produced  with  "  fluids 
compressed  by  the  force  of  air."  We  may  add  that  he  compressed  air  in 
his  hydraulic  organs  and  precisely  in  the  same  manner  as  m  the  pump^ 
viz  :  bv  water,  and  by  either  air  or  water  forcing  pumps.  The  commence- 
ment oT  his  discoveries  was  the  experiment  on  air  with  the  weight  and 
speculum  in  his  father's  shop,  (see  page  122)  in  wliich  the  descending 
"weight  "  compressed  the  inclosed  air"  and  forced  it  through  the  several 
apertures  into  the  open  ur,  and  thereby  produced  distinct  sounds.  "  When 
therefore  Ctesibius  observed  that  sounds  were  produced  from  the  com- 
pressioii  and  concussion  of  air,  he  first  made  usz  tf  thci  principle  in  con- 
trivlrg  hydraulic  organs,  also  water  forcers,  automatons,"  &c.  What 
principle  was  this  which  Vitruvius  says  he  applied  to  water  forcers  in 
common  with  organs^  &c.  1  That  of  compressed  air,  as  we  understand 
it ;  and  the  employment  cf  which  is  so  evident,  in  the  description  of 
his  machine  already  given. 

Does  any  one  douDt  that  the  air-vessel  was  known  to,  and  used  by 
Ctesibiirs  If  Let  him  resollect  tiiat  Heron,  his  disciple  and  intimate  friend^ 
has  also  described  it;  for  the  celebrated  fountain  of  this  philosopher, 
mrhich  still  bears  his  name,  and  remains  just  as  he  lefl  it,  is  simply  an 
air  chaciber,  in  which  the  fluid  is  compressed  by  a  column  of  water  in* 
stead  of  a  pump ;  and  one  of  his  machines  for  raising  water  by  steam,  was 
another,  in  which  the  elasticity  of  that  fluid  was  used  in  a  similar  manner. 
Besides  these,  there  are  others  represented  in  the  Spiritalia;  indeed,  a 
ipreat  portion  of  the  figures  in  that  work  are  modifications  of  air  cham- 
bers.   At  pages  42  and   118,  of  Commandine's  Translation,  are  shown 
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gpherical  vessels  containing  water,  into  which  perpendicular  discharging 
tubes  descend  :  to  expel  the  liquid,  syringes  or  minute  pumps  are  adapted 
to  the  vessels,  for  the  purpose  of  injecting  air  or  water,  and  by  that  means 
to  produce  ^Vte  d^eau.  The  common  syringe  is  also  figured  at  large  and  in 
section,  p.  120.*  Pliny  also  seems  to  refer  to  air-vessels  in  his  xix  book,  cap. 
4,  where  he  speaks  of  water  forced  up  '*  by  pumps  and  such  like,  going 
with  the  »tren£tk  of  wind  enclosed**     Holland's  Trans. 

As  the  ancients  have  not  particularized  the  claims  of  Ctesibius  to  the 
pump,  it  is  impossible  to  define  them  with  precision  at  this  distance  of  time. 
Perhaps  the  instrument  had  been  laid  aside,  or  the  knowledge  of  it  almost 
lost  when  he  revived  and  improved  it,  as  some  of  his  own  inventions  have 
been  in  modern  times^— his  gun,  for  example,  of  which  Philo  of  Byzan- 
tium has  given  a  description,  and  which  "  was  constructed  in  such  a  man- 
ner as  to  carry  stones  with  great  rapidity  to  the  greatest  distance."**  Its 
invention  has  been  claimed  by  the  Grermans,  the  French,  D  uch,  and  ft.ini 
the  following  remark  of  Blainville,  by  the  Swiss  also :  speaking  of  Bas'l, 
he  observes.  "  They  make  a  great  noise  here  about  a  hellish  invention  of 
a  gunsmith,  who  invented  wind  guns  and  pistols.  This  invention  may  be 
truly  called  diabolical,  and  the  use  of  it  ought  to  be  ibrbid  on  pain  of 
death."^  Now  if  the  modem  inventor  of  the  air  gun,  an  instrument  which, 
two  centuries  ago,  was  spoken  of  as  "  a  late  invention/'^  cannot  with  cer- 
tainty be  ascertained,  it  can  hardly  be  expected  that  the  specific  claims  of 
Ctesibius  to  the  pumn  can  be  pointed  out  after  a  lapse  of  2000  years.  If  he 
was  the  first  to  combine  two  or  more  cylinders  to  one  discharging  pipe— 
to  form  them  of  metal,  as  well  as  the  vaN es  and  pistons — and  the  first  to 
invent  and  apply  air-vessels,  his  claims  are  great  indeed,  and  for  aught 
that  is  known  to  the  contrary  he  is  entitled  to  them  all.  His  merits  as 
respects  the  latter  will  be  apparent,  if  we  call  to  mind  the  fact  that  their 
application  to  pumps  has  not  been  known  in  Europe  for  two  centuries ; 
and  that  their  introduction  was  in  all  probability  derived  from  him,  for  it 
was  not  till  a  hundred  years  after  Vitruviu8*s  description  of  his  machine 
had  been  translated,  printed  and  circulated,  that  we  first  hear  of  air-vessels 
in  moderr.  times. 

We  may  here  remark  that  at  whatever  period  tobacco  was  first  smoked 
in  the  Hookah,  (and  according  to  some  authors,  this  weed  was  used  in 
Asia  before  the  discovery  of  America,)  the  air-vessel  was  known ;  for  that 
instrument  is  a  perfect  one,  as  any -person  may  p.ove  by  the  followins; 
experiment :  let  a  smoker,  instead  of  sucking  at  Uie  end  of  the  tube  whida 
he  inserts  in  his  mouth,  blow  through  it,  and  the  liquid  contents  of  the 
hookah  \inll  be  forced  out  through  the  perpendicular  tube  on  w^hich  the 
weed  is  placed  as  in  a  miniature  fire-ene;ine,  carrying  up  with  it  the  pellet 
of  tobacco,  somewhat  in  the  manner  of  those  lignt-balls  which  are  •ome- 
times  placed  on  jeU  J^eau,  or  the  boy's  pea  playing  on  a  pipe  stem.  An 
operation,  in  the  opinion  of  some  physicians,  more  beneficial  to  the  pex^ 
former  than  the  ordinary  one,  and  disposing  of  the  scented  material  l^  4i 
manner  more  suited  to  its  value. 

*  Heronis  Alexandrini  Spiritaliam  liber.    A  Fsderico  Commandino  urbanate,  ex 
Grsco  niiper  in  Latinum  convemu.  1583. 
^  Duten  8  Inquiry  into  tbe  Origin  of  ths  Arts  attributed  to  the  Moderns,  p  ]A6 
Trafela,  i,  388.    «  Wilkina' Mat  Mafic 
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CHAPTER    IV. 

FoKCTVo  panps  eoLtloiie^i :  La  Hire's  doab>  metiag  pump— Ptunf er  pvmp :  Imrentad  by  MorelMid  { 
•bft  oKMt  valaaUe  of  modern  iaprovMD«>Dti  oc  t\9  piiiB|h— AppUcMion  of  it  to  c  Iher  purpoM*  tliaii  »!•• 
I»f  wate»^->PnctUMl«M  pianfor  pamp— Q-jicksarsr  niinp*— Application  of  Uio  principle  of  Bramehlt 
pxen  by  beee  in  ibrcinf  honey  into  their  cella.  Forciof  irumoe  with  hoUow  pietonn :  Employed  in  French 
miK-worke^'Spseiicen  from  the  works  at  Notre  Oame — ^Lifting  pump  from  Agricola — Modern  UAlnf 
pucp*— Elxtnct  from  an  old  f-umr-maker't  circular— Lifting  piunpt  with  two  pistons— Combinatioa 
mi  tci!ow  and  solid  pistons— •Trorethick'o  pump— Perkins'  pump. 

Of  tlie  various  modifications  which  the  forcing  pump  has  undergone 
in  recent  tim^s  we  can  notice  but  a  few,  and  of  these  the  greater  part 
Tiere  most  likely  known  to  ancient  engineers.  The  most  prominent  one 
is  that  by  which  the  machine  is  made  double  acting.  Now  the  device  by 
^Krhich  thi6  is  effected  hax  not  only  frequently  occurred  to  quite  a  number 
of  ingenlnua  men  in  their  endeavours  to  improve  the  pump  who  were  ig- 
norant of  its  having  been  accomplished ;  but  it  is  an  exact  copy  of  one 
that  has  been  applied  to  the  wind  pump  of  China  from  .time  immemorial, 
(see  No.  112 ;)  it  probably  therefore  did  not  escape  such  men  as  Ctesibius, 
and  Heron,  and  others  who  appear  to  have  exercised  their  ingenuity  and 
sagacity,  to  the  utmost  in  order  to  improve  this  machine,  ana  who  were 
enthusiastically  attached  to  such  researches.  The  remarks  on  modem 
improvements  of  the  atmospheric  pump,  pages  225^,  are  equally  applica- 
ble to  tho^e  of  the  forcing  one ;  and  it  is  worthy  of  remark,  that  notwith- 
standing the  present  improved  state  of  mechanical  science,  the  ancient 
forms  of  Loth  now  prevail — for  the  forcing  pump  as  made  by  Ctesibius  in 
£gypt,  and  as  described  by  Vitruvius  as  used  by  the  Romans,  is  still  more 
common  than  any  other. 

The  double  acdng  pump  represented  in  the  figure,  was  devised  by  M. 
La  Hire  in  the  early  part  of  the  last  century.  His  description  of  it  was 
published  in  the  Memoirs  of  the  French  Academy  in  1716;  and  firom  one 

of  his  expressions  we  perceive  (what  was  in- 
deed very  natural)  that  if  he  was  not  indebted 
for  the  improvement  to  tke  contemplation  of 
bellows,  these  instruments  were  at  least  close- 
ly associated  with  it  in  his  mind.  The  pump 
1  propose  [he  observes]  furnishes  water  con- 
tinually, "just  as  the  double  bellows  makes 
a  continual  wind."  The  piston  rod  passes 
through  a  stuffing  box  or  collar  of  leathers  on 
the  top  of  the  cylinder.  The  latter  has  four 
openings  covered  by  valves  or  clacks ;  two 
for  the  admission  of  water  and  the  same  num- 
ber for  its  discharge.  A  B  is  the  sucdon  pipe, 
and  C  D  the  ascending  or  discharging  one. 
Suppose  the  lower  end  of  the  suction  pipe  in 
water;  then  if  the  piston  be  thrust  down,, 
the  valve  near  B  will  close,  and  the  air  in  the 
lowei  part  of  the  cylinder  will  be  forced 
througn  the  valve  at  D  and  up  the  pipe  D  C, 
and  in  consequence  of  the  rarefaction  of  the 
air  above  the  piston,  the  valve  at  C  will  be 
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closed,  and  water  will  ucend  tlirougb  6  A  and  enter  tlie  crUmier  u  A; 
th«n  if  the  piaton  be  raised  it  will  force  all  the  w»ler  above  it  through  tha 
rtlve  at  C,  the  only  passage  for  it,  while  at  the  seme  time  a  fresh  pordoB 
will  enter  the  cylinder  ihrough  the  valve  at  B,  Thus  at  evjry  stroke  uf 
the  piston,  whether  up  or  down,  the  contents  of  the  i^Eirler  are  forced 
oat  at  one  end,  and  it  is  replenished  at  the  suLe  time  through  the  other; 
dus  pump  therefore  dincharu^s  doubje  the  quand^  of  water  that  an  ordi- 
nary one  of  the  same  dimensiozu  does.  The  piston  rod  may  be  insAted. 
through  either  end  of  the  cyli:ider,  as  circumstances  may  retpire.  Theas 
pumps  ore  frequently  used  m  a  horizontal  position. 

Another  variation  of  the  forcing  pump  coosista  in  making  the  piston  of 
die  same  length  as  the  cylinder  but  rather  lesann  diameter,  so  tliat  it  may 
be  moved  freely  in  the  former  without  touching  the  sides.     These  ptstoni 
Kre  made  wholly  of  metal  and  turned  smooth  and  cylindrical,  so  as  to 
work  through  a  stuffing  box  or  cupped  leathers.     The  quantity  of  water 
raised  at  each  stroke  has  thereiore  no  reference  to  the  capacity  of  the 
cylinder,  however  large  that  part  of  one  of  these  pumps  may  be,  for  ihs 
liquid  displaced  by  the  piston  can  only  be  equal  to  that  part  of  the  latter 
that  enters  the  cyhnder.    Switzer  has  given  a  figure  and  description  of  bb 
old  engine  composed  of  three  of  these  pumps  "  that  has  been  «ome  yean 
urected  in  the  county  of  Surrey."    Nowton  has  figured  the  piston  bellowi 
described  by  Vitruvms  as  fiirmshing  wi»d  to  hydraulic  organs  in  a  similar 
way.     In  Commandine's  translation  of  Heron's  Spiritslia,  page  159,  th« 
nine  kind  of  plunger  is  figured   in  a  pump  belonging  to  a  water  orsan; 
and  at  p.  71,  a  fire-engine,  with  two  working  cylinders,  has  pistons  of  the 
nme  kind.    Thesepisions  were  formerly  named  plungers,  and  the  pumM 
plunger-pamps.     T^eir  construction  and  action  will  t»  understood  by  tno 
figure,  which  represents  one  of  a  number  that  were  em- 
ployed in  the  water-works,  York  Buildings,  London,  ia 
the  last  century.    The  piston  was  of  brass,  cast  hollow 
and  filled  with  lead,  the  outside  being  "  turned  true 
and  smooth."     A  short  rod  attached  to  the  uf^r  end 
of  the  piston  was  connected   by  a  chain  to  the  arched 
end  of  a  vibrating  beam,  that  was  moved  by  one  of 
Newcoraen's  engitiea.  The  piston  was  therefore  mere- 
ly raised  by  the  engine,  while  its  own  weight  carried 
it  down ;  to  render  it  sufficiently  heavy  for  tliis  pur- 
pose, a  number  of  leaden  disks  (or  cheeses,  as  they 
were  named  from  their  form)  having  holes  in  their 
centres,  were  slipped  over  the  rod  and  rested  upon  the 
piston,  as  in  the  figure.     These  were  increased  unul 
they  were  found  suffiraent  to  press  down  the  pisimi 
ana  force  the  wator  up  the  ascending  pipe.    The  cup~ 
ped  leathers  through  which  the  piston  worked,  were 
nmilar  to  those  now  used  in  the  hydrostatic  press.     A 
small  cistern  was  sometiinea  formed  on  the  top  of  ilis 
pump,  that  the  water  it  containpd  might  prevent  air 
from  entering  through  the  stuffing  box  or  between  the 
cupped  leathers :  it  served  also  to  charge  the  pump 
through  a  small  pipe  or  cock.     A  valve  opening  up- 
wards was  sometimes  placed  just  ehova  the  plug  of 
KoUtFlnnrPHP.     tl'o  <^<"^''i  *■"!  '''^   latter  left  open  wkc?  the   machina 
^^^"''     was  started,  that  the    air  within  the  cylinder  nught 
MO^e ';  and  as  soon  as  the  water  rose  and  filled  the  pump,  the  cock  waa 
■hut.     It  is  immaterial  at  what  part  of  the  cylinder  the  Ibrcing  o  ' 
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iDg  mpe  is  attached,  whether  at  the  bottom,  near  the  top,  or  at  any  inter- 
mediate place.  Small  pumps  of  this  kind  are  now  commonly  employed 
lo  feed  steam  boilers  and  for  other  purposes,  and  are  worked  by  levers 
like  the  ordinary  lifting  and  forcing  pumps,  the  pistons  being  preserved 
in  a  perpendicular  position  by  slings,  &c. 

These  pumps  are  believea  to  be  of  English  origin,  having  been  in* 
▼enied  by  Sir  Samuel  Moreland,  "  master  of  mechanics"  to  Charles  2d.' 
Like  some  old  philosophers,  he  exercised  his  ingenuity  in  improving  hy 
drauiic  and  other  engines,  for  raising  water.  Besides  the  plunger  pump, 
fior  which  he  obtained  a  patent  in  1675,  he  invented  a  *'  cyclo- elliptic 
iRoveraent"  for  transmitting  motion  to  piston  rodu,  a  figure  of  which  is  in- 
serted by  Belidorin  the  second  volume  of  his  Arch.  Hydraulique.  He  is 
also  the  reputed  inventor  of  the  speaking  trumpet,*  of  a  capstan,  and  a 
steam-engine.  In  16S1  be  made  experiments  with  an  engine  consisting  of 
two  or  more  of  his  pumps  at  Windsor,  in  presence  of  the  king  and  court, 
during  which  he  .forced  water  from  the  Thames  in  a  continual  stream  to 
the  top  of  the  castle ;  and  according  to  Dr.  Hutton,  "  sixty  feet  higher.'* 
Moreland  viij^ted  France  the  same  or  the  following  year,  by  order  of  the 
kinfl^,  to  examine  the  famous  water-works  at  Marli,  and  while  in  Paris  Ifo 
exhibifjed  models  of  his  pump  before  the  Fi-ench  court,  and  also  con- 
structed several  for  his  friends.  In  1G83  he  presented  an  account  of  va- 
rious machines  for  raising  water  to  Louis  14th,  in  a  manuscnpt  volume 
written  and  ornamented  with  much  elegance;  and  in  1685,  an  account  of 
his  improvements  was  published  in  Paris  in  a  work  entitled,  "  Elevation 
des  eaux  par  toute  snrte  de  machines,  r^duite  a  la  mesure,  au  poids,  k  la 
balance,  par  le  moyen  d'un  nouveau  piston  et  cor[  s  de  pompe  ;  et  d*un 
nouveau  mouvemenl  cyclo-elliptique,  et  rejetant  I'usage  de  toute  sorte  de 
manivelle  ordiuaires,  par  le  Chevalier  Moreland."  It  does  not  appear  that 
he  ever  published  tiiis  work  in  England,  for  Switzer  had  recourse  to 
Ozanam^  a  French  ^iter,  for  a  description  of  Moreland*s  pump  ;  as  he 
could  procure  no  English  account  of  it,  "  having  taken  great  pains  to  find 
out  what  Sir  Samuel  had  left  on  that  head  to  no  purpose.*'  Ozanam  states 
that  A*orcland  spent  *'  twelve  years  study  and  a  great  deal  of  money"  to 
bring  Jiis  pump  to  perfection ;  '*  and  without  this  new  invention  it  would 
have  been  impossible  to  have  reduced  the  raisincr  of  •  water  to  weight  and 
measure,  as  he  has  done."  The  latter  observation  refers  to  the  leiulen 
"Weights .placed  on  the  piston  rod,  and  the  cjuantity  of  water  raised  by 
them :  the  water  and  the  elevation  to  which  it  was  raised  being  compared 
with  the  Slim  of  th«^  weights  employed  to  force  it  up> 

If  we  mistake  not  this  is  *  the  most  valuable  and  original  modification  of 
the  forcing  pump  that  modem  times  have  produced.  The  friction  of  the 
piston  is  not  only  greatly  reduced,  but  the  boring  of  tlie  cylinder  is  dis- 
pensed with ;  an  operation  of  considerable  expense  and  difhculty,  particu- 
larly so,  before  c^Hcient  apparatus  for  that  purpose  was  devised.  Another 
advantage  is  the  facility  of  tightening  the  packing  without  taking  out  the 
piston  or  even  stopping  the  pump.  .  The  value  of  Moreland*s  invention  in 

*  There  is  an  instrument  very  like  a  speaking  trumpet  in  the  hands  of  a  figure  in  one 
•f  the  iiliuitrationfi^r  the  Cneid,  executed  in  the  foiirtn  or  fifVi  century,  in  the  *25th  plate 
of  **  Painting"  in  L)*Agincoiirt's  Hintory  of  the  Fine  Arts.  It  is  a  conical  tube,  the 
length  being  eanal  to  Uuit  of  the  individual  nsing  it;  and  by  whidi  he  appears  to  direct, 
jkcm  thn  top  or  a  lower,  the  combatants  below.  Kircherhas  given  a  figure  of  a  trumpet 
through  which  he  supposed  Alexander  spoke  to  his  army. 
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the  estinutioii  of  engineers  appem  from  the  increataing  emplojfmaK 
of  it.  Ic  ia,  moreover,  for  aught  that  is  known  to  the  contrary,  the  pareM 
of  the  corontOD  Lifting  pump;  and  to  its  inventor  the  double  acting  steam- 
engine  of  Watt  is  in  some  measure  due,  the  efficiency  of  that  noble  ma- 
chine depending  entirely  upon  closing  the  top  of  the  cylinder  and  passing 
the  piston  rod  through  a  stuffing  box — both  of  which  had  already  benn 
done  in  this  pump.  Steam-engines  b^ve  also  been  constructed  on  toe 
same  plan  as  these  pumps ;  one  long  piston  playing  in  two  horizontal  cy- 
linders, and  the  power  transmitted  from  it  by  means  of  a  cross-head  at- 
tached to  the  middle  of  its  length,  and  on  that  part  which  moreB  between 
the  stuffing  boxes.  Another  celebrated  machine  is  also  copied  from  them 
— Bramah's  hydrostatic  press  is  one  of  Moreland's  pumps. 

There  is  another  species  of  plunger  pumps  in  which  the  stuifine  box  k 
dispensed  with,  and  consequently  the  piston  works  without  friction.  A 
square  wooden  tube,  or  a  common  pump  log  of 
sufficient  length,  and  with  a  Tai7e  at  its  lower 
end  is  fixed  in  the  well  as  shown  in  the  figure. 
The  depth  of  the  water  must  be  equal  to  the 
distance  from  its  surface  to  the  olace  of  delive- 
ry ;  and  a  discharging  pipe  having  a  valve 
opening  upwards  is  united  tc  the  pump  tree  at 
the  sur^e  of  the  water  in  the  well.  The  pis- 
ton (a  solid  piece  of  woo-J)  is  suspended  by  a 
chain  from  a  working  betm,  and  loaded  suffi- 
ciently with  weights  to  ic^e  it  sink.  As  tho 
liquid  enters  the  pumf'  •hrougfa  the  lower  valve, 
and  stands  at  the  some  level  within  as  without, 
whenever  the  piston  descends,  it  necessarily  dis- 
■  places  the  water,  which  has  no  other  passage 
to  escape  but  through  the  discharging  pipe,  m 
consequence  of  the  lower  valve  closing.  And 
when  the  piston  is  again  raised  as  in  the  figure, 
a  fresh  portion  of  water  enters  the  pump  and  is 
driven  up  in  like  manner. 

Dr.  Robison  observes  that  ha  has  seen  a  ma- 
chine consisting  of  two  of  these  pumps,  made 
by  an  untaught  laboring  man.  The  plung- 
ers were  suspended  from  the  ends  of  a  long 
beam,  on  the  upper  surfaee  of  which  the  man 


:  descended  %.■>  the 
then  walked  t^  the 
other  end,  the  declivity  at  first  being  about  25°,  but  gradually  growing  lest 
as  he  advanced.  In  this  way  he  caused  the  other  plunger  to  descend, 
and  so  on  allemaleiy. 

By  this  machine  a  feeble  old  man  whose  weight  was  llOtbs.  raised  7 
cubic  feet  of  water  11}  feet  high  in  a  minute,  and  wrought  eight  or  ten 
hours  every  day.  A  stout  young  man  weighing  ISJlbs.  raised  8J  cubic 
feet  to  the  same  height  in  the  same  time.  Tbe  application  of  this  pump 
is  extremely  limited,  and  thure  is  a  waste  of  power  in  the  water  uac  is 
uselessly  raised  around  the  piston  U  every  stroke. 

The  pistons  of  preceding  machines  are  made  of  solid  materials;  bu: 
the  pump  now  tii  he  described  has  a  liquid  one.  It  was  invented  about 
the  year  1720,  by  Mr.  Joshua  Haskins,  who  made  the  first  experiment  with 
it  m  the  house  aind  presence  of  the  cetebtued  Desaguliers.     His  desigii 
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was  to  Kvoid  Uic  iricdon  and  consequent  loss  of  power  in  common  pomps, 
he  therefore  "  coniriveil  a  new  way  of  raising  water  wlihout  aiiy  fric:uoD 
of  solids ;  makin?  use  of  quicksilver  instead  of  leather,  Co  keep  me  an-  or 
\rater  from  slipping  by  the  sides  of  the  pistons."     Various  tnodificH.t)oDi 
of  it  were  soon  devised  by  the  inventor,  by  Dr.  Desaguliera,  and  by  Mr 
William  Vreem,  the  assistant  of  the  latter,  "  who  was  an  excellent  mecha- 
nic."   One  form  of  it  is  represented  by  the  figure.    A  is  the  suction  pipe, 
the  lower  end  of  which  is  inserted  in  the  water  to  be  raised.     Its  upper 
end  terminates  in  the  chamber  C,  and  is  covered  by  a  v»lve.  The  forcing 
pipe  B,  with  4  valve  at  its  lower  end,  is  also  connected  to  the  chamber. 
Between  these  valves  a  pipe,  open  at  both  ends, 
is  inserted  and  bent  down,  as  in  the  figure.     The 
straight  part  attached  to  it  is  the  working  cylinder 
of  the  pump  and  should  be  made  of  iron.  Another. 
iron  pipe,  a  little  larger  in  the  bore  than  the  lost, 
and  of  the  same  length,  is  made  to  slide  easily 
over  iL     This  pipe  is  closed  at  the  bottom  and 
suspended   by  chuns  or  cords,  by  which  it  is 
moved  up  and  down.     Suppose  this  pipe  in  the 
position  represented,  and  nlled  with  mercury — if 
It  were  then  lowered,  the  air  in  the  cylinder  aud 
between  the  valves  would  become  rarified,  ajid 
the  atmosphere   pressing;  on   the   sui-face   of  the 
water  in  which  the  end  of  A  is  placed,  would  force 
the   liquid  up  A  till  the  density  of  the  contained 
air  was  the   same   as   before ;   then  by  raising  the 
pipe  cotitaining  the  mercury,  the  air,  unable  to  es- 
cape through  the  lower  valve,  would  be  forced 
through  the  upper  one ;  and  by  repeating  the  ope- 
ration, water  would  at  lost  rise  and  be  expelled 
in  the  same  viay;  promded  the  elevation  to  which 
it  is  to  be  raised  aoes  not  exceed  thirteen  times 
the  depth  of  the  mercurial  column  around  the  cy- 
linder ;   the   specific  gravity  of  quicksilver  being 
so  many  times  greater  than  that  of  water.    When 
"         the  depth   of  the  former   is  30  inches,  the  lattei 
may  be'raised  as  many  feet  in   the  suction   pipe  and  forced   up   an  equal 
distance  through  the  forcing  one,  making  together  an   elevation  of  sixty 
feet ;  but  if  water  be  reijuired  higher,  the  depth  of  the  mercurial  column 
in  the  moveable  pipe  must  be  proportinably  increased.     To  make  a  small 

3uantity  of  mercury  answer  the  purpose,  a  solid  piece  of  wood  or  iron 
■at  is  a  little  less  than  the  cylinder,  is  secured  to  the  bottom  of  the  move- 
able vessel  as  shown  in  the  centre:  this  answers  the  Mme  object  as  an 
equal  bulk  of  mercury. 

These  pumps  have  their  disadvantages;  they  are  expensive;  and  how- 
ever well  moae,  the  quantity  of  quicksilver  required  u  considerable — the 
agitation  consequent  on  the  necessary  movement  soon  converts  it  into  an 
oxide  and  renders  it  useless — great  care  is  also  reauired  in  working  these 
machines;  if  the  movements  are  not  slow  and  regular,  the  mercury  is  very 
apt  to  be  thrown  out ;  to  prevent  which  the  upper  end  of  the  vessel  con 
tuning  it  is  dished  or  enlarged.  For  experimental  researches  modifica- 
tions of  such  pumps  may  be  useful,  but  for  the  reasons  above  stated,  they 
bave  never  been  extensively  employed  in  the  arts.  A  simple  form  of  one 
is  described  in  a  late  volume  of  the  London  Mechanics'  Magasine,  and 
also  in  the  22d  vol.  of  the  Journal  of  the  Franklin  Institute,  p.  327.     See 
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also  vol.  xxxii,  Phil.  Transactions,  and  Abridg.  vol.  vi,  362.  Desaguliers' 
Phil.  vol.  ii,  491.  In  Jamieson's  Dictionary,  p.  852,  a  mercurial  pump  in 
the  form  of  a  Wheel  is  described. 

The  hydrostatic  jfress  is  simply  a  cylindrical  forcing  pump,  whose  piston 
is  moved  by  the  water,  instead  of  the  latter  by  it.  A  platen,  on  which  are 
placed  the  articles  to  be  pressed,  is  connected  to  the  upper  end  of  the  piston 
rod ;  water  is  then  injected  into  the  cylinder  by  a  much  smaller  pump, 
and  as  this  liquid  is,  to  all  practical  purposes,  tncomjfressiUe,  the  piston  is 
necessarily  raised,  and  the  articles  brought  against  an  immoveable  plate, 
between  which  and  the  platen  they  are  compressed.  The  degree  of  pres- 
sure thus  excited  depends  upon  the  difference  between  the  area  of  the 
pistons  of  the  pump  and  of  the  press.  The  apparatus  exhibits  in  another 
form,  the  celebrated  hydrostatic  paradox  by  wiiich  the  pressure  of  a  liquid 
column  however  small,  is  made  to  counterbalance  that  of  another  however 
large.  Hydrostatic  presses  have  been  applied  with  advantage  in  nume* 
rous  operations,  as,  expressing  oil  from  seeds,  pressing  paper,  books,  hay 
and  cotton  ;  tearing  up  trees  by  the  roots,  proving  the  strength  of  steam 
boilers,  metallic  water-pipes,  and  even  cannon.  In  this  city  (New- York) 
ships  of  a  thousand  tons  are  raised  out  of  the  water  to  repair,  by  one  of 
these  machines  elected  at  *he  head  of  one  of  the  docks.  The  cylinder 
is  secured  in  a  horizontal  position,  and  the  pumps  tare  woiked  by  a  steam- 
engine.  The  frame  on  which  the  vessel  floats,  and  by  which  it  is  raised, 
is  suspended  by  a  number  of  chains  on  each  side  that  pass  over  pulleys  a&d 
terminate  at  the  end  of  the  piston. 

There  is  a  very  interesting  and  beautiful  illustration  of  the  principle 
of  Bramah*s  hydrostatic  press  in  the  contrivance  by  which  bees  store 
their  honey.  The  cells,  open  at  one  end  and  closed  at  the  otlier,  are  ar- 
ranged horizontally  over  each  other,  and  in  that  position  are  ^Hed  with 
the  liquid  treasure.  Now  suppose  a  series  of  glass  tumblers  or  tubes  laid 
on  their  sides  and  piled  upon  one  another  in  like  manner  were  required 
to  be  then  tilled  with  water,  it  certainly  would  require  some  reflection  to 
devise  a  plan  by  which  the  operation  could  be  performed ;  but  whatever 
mode  were  hit  upon,  it  could  not  be  more  ingenious  and  effective  than  that 
adopted  by  these  diminutive  engineers.  At  the  further  or  closed  extre- 
mity of  each  cell,  they  fabricate  a  moveable  piston  of  wax  which  is  fitted 
air  tight  to  the  sides,  and  when  a  bee  arrives  laden  with  honey,  (which  is 
contained  in  a  lii^uid  form,  in  a  sack  or  stomach,)  she  penetrates  thb  piston 
with  her  proboscis  and  through  it  injects  the  honey  between  the  closed 
end  of  tlie  cell  and  the  piston,  and  then  stops  the  aperture  with  her  feet 
The  piston  is  therefore  pushed  forward  as  the  honey  accumulates  behind 
it,  till  at  last  it  reaches  the  open  end  of  the  cell,  where  it  remains,  herme 
tically  sealing  the  vessel  and  excluding  the  air5  As  soon  as  one  ceU 
is  thus  charged,  the  industrious  owners  commence  witli  another.  It 
will  be  perceived  that  these  pistons  are  propelled  precisely  as  in  the  hy- 
drostatic press,  the  liquid  honey  beino^  incompressible,  (with  any  force  to 
which  it  is  there  subjected,)  every  additional  particle  forced  in  necessa- 
rily moves  the  piston  forward  to  aiford  the  required  room.  Without  suck 
a  contrivance  the  cells  could  no  more  be  filled,  and  kept  so,  than  a  buck^ 
could  be,  with  water,  while  laying  on  one  side.     Were  the  organixatioii 

*  To  ke€p  the  honey  pure,  and  preserve  it  from  evaporation,  in  the  hif b  temperaturt 
of  a  hive,  tne  air  miul  be  kept  from  it     Could  human  inj^enaitj  have  deviaea  a  more 

EeHect  mode  of  aocompliBbing  the  object  ?  The  fact  is,  bees  in  this  matter,  might  Iod^  a^ 
ave  tauffht  man  tlie  practice  which  is  now  punued  of  preserving  both  iKjaid  and  solid 
aliment ,^«aJb  for  jeaxe— in  tin  cases  impeivious  to  the  air,  and  from  wbicb  it  has  been 
•xcluded. 
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of  bees  clonely  exajnined,  it  would  doubtless  be  found  tJiat  the  relative 
diameters  of  their  proboscis  and  of  the  cells,  and  the  area  of  the  (bellows) 

pumps  in  their  bodies,  are  such  as  are  best  adapted 
to  the  mutcuiar  energy  which  they  employ  in  work- 
ing the  latter.  Were  it  otherwise,  a  greater  force 
might  be  required  to  inject  the  honey  and  drive  for- 
ward the  piston,  than  they  possess.  In  the  case  of 
a  hydrostatic  press,  when  the  resistance  is  tog  great 
to  be  overcome  by  an  injection  pump  of  large  dia- 
meter, one  of  suifeJler  bore  is  employed. 

We  shall  now  pioduce  a  few  specimens  of  forc- 
ing pumps  with  noUow  pistons,  or  such  as  admit  wa- 
ter to  pass  thr  jugh  them.  If  a  common  atmospheric 
pump  be  invertod,  its  cylinder  immersed  in  water, 
and  tne  valves  of  the  upper  and  lower  boxes  reversed 
as  in  the  figure,  it  becomef  a  forcing,  or,  as  it  is 
sometimes  named,  a  lifting  pump;  because  the  con- 
tents of  the  cylinder  are  lifted  up  wneii  the, piston  is 
raised,  instead  of  being  driven  out  from  below  by  ita 
descent,  as  in  Nos.  116,  117  iu  a  lifting  pump  the 
ii-^uid  is  expelled  from  the  top  of  the  cylinder — in 
a  forcing  one  from  the  bottom — ^it  is  the  water 
above  the  piston  that  is  raised  by  the  former ;  and  that  which  enters  be- 
low it,  by  the  latter.  The  piston  rod  in  the  figure  is  attached  to  an  iron 
frame  that  is  suspended  to  the  jend  of  a  beam  or  lever  as  in  Nos.  123, 124. 
The  valve  on  the  top  of  the  piston,  like  that  at  the  end  of  the  cylinder, 

opens  upwards.  When  the  piston  descends  (which 
it  does  by  its  own  weight  and  that  of  the  frame)  its 
valve  opens  and  the  water  enters  the  upper  part  of 
the  cylinder,  then  as  soon  as  it  begins  to  rise  its 
valve  closes,  and  the  liquid  above  it  is  forced  up  the 
ascending  pipe.  Upon  the  return  of  the  piston  the 
opper  vsdve  is  shut  by  the  weight  of  the  column 
above  it,  the  cylinder  is  again  charged  and  its  con- 
tents forced  up  by  a  repetition  of  the  movements. 
Machines  of  t}iis  description  are  of  old  date.  They 
were  formerly  employed  in  raising  water  from 
mines.  They  were  adopted  by  Rannequin  in  the 
celebrated  water- works  at  Mtirii ;  and  by  Lintlaer 
in  the  engines  he  erected  during  the  reign  of  Henry 
4th,  at  Pont  IC^euf,  to  supply  the  Louvre  from  the 
river  Seine. 

As  they  cannot  in  all  locations  be  inserted  con- 
veniently in  the  reservoir  contHiuing  the  water  to 
be  raised,  they  have  sometimes  been  placed  in  cis- 
terns erected  above  tlie  original  source,  and  sup- 
plied by  atmospheric  pumps  extending  to  it,  as  in 
No.  127.  The  cylinder  of  the  atmospheric  pump 
terminates  in  the  bottom  of  the  cistern,  and  is  plac- 
ed directly  under  that  of  the  lifting  one ;  the  pistons 
of  both  being  attached  to  the  same  rod  and  worked 
by  the  same  frame.  Such  was  the  construction  oi 
the  old  Pansian  water-works  at  the  bridge  of  No- 
tre Dame.  These  consisted  of  a  series  of  pumps 
arranged  as  in  the  figure,  and  worked  by  an  undershot  wheel 
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If  the  head  of  a  common  pump  (No.  90]  b«  cloied,  except  an  openine 
tlimug'h  which  (be  rod  works,  or  may  be  worked,  it  is  then  converted 
into  a  lifting'  pump,  and  will  raise  nrater  to  any  elevation  I'crougb  a  pipe 
attached  to  the  spout.  Tht  eariieat  specimen  thai  we  have  met  with  it 
represented  by  the  lS8th  figure,  from  Agricola.  Although  a  rude  device, 
it  m  interesting  as  illustrative  of  ti'fl  resources  of  old  mining  engineers,  itt 
modifying  aiid  applying  the  commor  wooden  pump  under  a  varifty  o£ 
ciicumstanct^s  i'be  upper  parts  of  two  aunospheric  pumps  terminate 
ill  a  close  ch-.mber  or  strone  dox,  (two  sides  of  uliich  are  removed  in  the 
figure  to  show  its  interior,^  rheir  lower  ends  extending  into  wat«r  collected 
at  a  iowcr  depth  in  the  min<?.  From  the  top  of  the  box  a  foirine  pipe  is 
continued  to  the  surface  of  the  gi  Dund,  or  to  another  level  in  the  mine, 
from  which  the  water  raised  through  it  can  be  diBcharged.  The  piscou 
rods  are  worked  hy  a  druule  eranh,  one  end  of  which  turns  in  a  socket 
formed  ;1.  the  itisidc  of  the  chamber,  and  the  other  is  continued  ihix>ugii 
the  opposite  side  and  bent  intc  a  handle  by  wliich  the  laborer  works  the 
machine.  I'wu  collars  tire  formed  on  the  crank  axle,  one  close  to  the  out- 
side, and  the  oiher  to  the  inside  of  that  part  of  the  chamber  through  which 
it  passes,  and  some  kir.d  ofjiacking  seems  to  liavs  been  used  to  prevent 
the  water  from  Icakiii^^  thr<>ugh.  Four  iron  arms  with  heavy  balls  at  their 
ends  are  secured  to  the  axle  to  equalize  the  movement.  These  were  the 
old  substitutes  for  the  modL>m  ny-whecl :  they  were  quite  commoa  in 
■U  kinds  of  revolving  machinery  in  the  15th  ana  16th  centuries. 


III.UI.    LUtinc Pssp ftM  Afrtedk.  Ha-Ot.    Maiaa LUUm  Pnv. 

The  modern  form  of  the  lifting  pump  is  regresented  in  figure  No.  129. 
The  working  cylinder  being  generslly  brass  or  copper,  and  having  l 
strong  flanch  at  each  end  :  the  upper  one  is  covered  by  a  plate  with  a 
stuffing  box  in  the  centre,  through  which  the  polished  piston  rod  moves ; 
and  the  under  one  by  another  to  which  the  suction  pi[>e  is  attached,  and 
whoae  orifice  is  covered  by  a  valve.     To  the  forcing  or  discharging  pipa 
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a  eock  is  commonly  soldered  as  in  No.  118,  to  supply  water  when  re- 
auired  at  the  pump.  This  is  one  of  the  most  useful  forms  of  the  pump 
K>r  household  purposes :  it  may  be  placed  in  the  kitchen,  cellar  or  yard, 
and  will  not  only  draw  water  from  a  well,  but  will  force  it  up  to  every 
floor  of  a  dwelling,  and  still  answer  every  obicct  of  the  ordinary  atmos- 
pheric pump;  and  if  an  air-vessel  be  connected  to  the  pipe,  as  in  No.  120, 
It  will  then  become  a  domestic  fire-engine ;  and  when  a  sufHcient  length 
of  hose  pipe  is  kept  at  hand,  water  may,  in  case  of  fire,  be  conveyed  in  a 
few  moments  to  any  part  of  the  buildine.  Desaguliers,  a  century  ago,  re- 
commended this  application  of  it,  and  it  is  surpnsing  that  it  has  not  be- 
come more  general.  The  following  extract  from  a  pump-maker's  circular, 
120  y€»irs  since,  refers  to  it.  "  Pumps  which  may  be  worked  by  one  man, 
for  raising  water  out  of  any  well,  upwards  of  120  feet  deep,  sufHcient  for 
the  service  of  any  private  house  or  family,  and  so  contrived  that  by  turn- 
ing a  cock,  may  supply  a  cistern  at  the  top  of  the  house,  or  a  bathing  vessel 
in  any  room;  and  by  screwing  a  leather  pipe  the  water  may  be  conveyed 
either  up  stairs,  or  in  at  a  window,  in  case  of  any  fire."  Switzer's  Hy- 
drostatics, 352. 

Although  the  valve  in  the  ascending  pipe  is  not  an  essential  part  of 
these  pumps,  it  is  a  valuable  addition,  since  it  removes  the  pressure  of  the 
liquid  column  above  it  from  the  stuffing  box,  when  the  pump  is  not  in  use. 
The  inventor  of  these  pumps  (and  of  the  stuffing  box)  is  unknown.  They 
are  described  by  Desaguliers,  Belidor,  and  other  writers  of  the  last  cen- 
tury as  then  common,  and  they  are  figured  in  the  6th  volume  of  machines 
and  inventions  approved  by  the  French  Academy,  p.  19. 

Sometimes  the  cylinder  itself  has  l>een  made  to  answer  the  purpose  of 
an  air-vessel.  With  this  view  it  is  made  longer  than  usual,  and  the  dis- 
ehar^ng  pipe  is  connected  to  the  middle  of  its  length,  below  which  the 
piston  works.  The  air  is  tlierefore  compressed  in  the  upper  part  of  the 
cylinder,  but  as  it  is  liable  to  escape  at  the  joints  and  through  the  stuff- 
ing box,  a  separate  vessel  is  far  preferable.  Mr.  Martin,  in  the  2d  vol.  of 
his  Philosophy,  has  figured  and  described  a  pump  of  this  kind,  which  he 
says  was  the  invention  of  Sir  James  Creed. 

In  1815,  the  London  Society  of  Arts  awdrded  a  silver  medal  and  Bfteen 
guineas  for  a  lifting  pump  with  two  pistons.  The  cylinder  was  made 
twice  the  usual  length,  and  each  end  furnished  with  a  stuffing  ])ox  through 
which  two  separate  rods  worked.  The  suction  pipe  being  attached,  like 
the  forcing  one,  to  the  side  of  the  cylinder;  the  lower  piston  was  inverted 
having  its  valve  on  the  top  as  in  No.  126.  The  outer  ends  of  the  rods 
were  connected  to  the  centre  of  two  small  wheels  or  friction  rollers  which 
moved  between  two  guide  pieces,  and  thus  prevented  the  rods  from  de- 
viating from  the  centre  of  the  cylinders ;  the  upper  wheel  was  connected 
by  a  snort  rod  to  the  pump  lever  as  in  tlie  common  pumps,  and  the  other 
one  by  a  longer  rod  (bent  at  its  lower  part)  to  Jl»e  same  lever,  but  on  the  op- 
posite side  of  the  fulcrum ;  so  that  as  one  was  raised  tlie  other  was  lowered ; 
hence  ^e  two  pistons  alternately  approached  to  and  receded  from  each 
other,  and  consequently  one  of  them  wtu  always  forcing  up  water  when- 
ever the  machine  was  at  work.  TraQHdctiona  Soc.  Arts,  vol.  xxxiii.  115. 
We  lielieve  these  pumps  have  never  been  much  used,  nor  do  we  think  they 
possess  any  advantages  over  (wo  sepai*ato  ones)  for  they  are  to  all  intents 
and  purposes  double  pumps.  The  cyhnders  are  twice  the  length  of  single 
ones-— they  have  two  pistons,  two  **cds,  two  stuffing  boxes,  ana  double  tne 
amount  of  friction  of  single  ones.  Two  distinct  pumps  are  more,  econo- 
mical. After  one  of  the  above  has  been  a  little  while  in  use,  air  will  un- 
ayeidably  insinuate  itself  iH  lough  the  ?ow€r  ftuf&ng  box  and  diminish  or 
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dflBtroy  the  Tseuum  upon  which  the  elficieney  of  the  m&chine  depends 
The  same  rem&rki  apply  u>  these  thu  were  made  on  atmoipheric  pumps 
with  two  pistons,  at  page  227. 

There  ij  a  pump  wiUi  two  pistong  in  Besso.i's  Theatre  des  iMtnuacn^ 
which  ghowB  that  such  devices  were  known  in  the  16th  centory.  It  con- 
■ista  of  a  square  trunk  four  or  five  feet  in  length,  and  the  bore  fire  or  six 
inches  across,  immersed  perpendicularly  in  water  at  the  bottom  of  a 
well ;  its  lower  end  being'  open  and  the  upper  one  closed,  except  at  the 
centre,  where  an  opening  is  left  and  covered  by  a  valve,  A  square  piston, 
with  its  valve  opening  upwtk^ds,  is  fitted  to  work  in  the  trunk  fi«m  below 
by  a  rod  connected  to  its  under  side,  as  in  No.  126.  A  lever  passe* 
through  the  lower  part  of  the  trunk,  (through  slits  made  for  it  in  two  op- 
posite sides,]  one  end  of  which  is  secured  to  a  piece  of  timber  walled  in  the 
well,  by  a  pin,  on  which  it  moves ;  and  the  other  end  extends  to  the  op- 
posite side  of  the  trunk,  where  it  is  hooked  to  a  chain  that  reaches  &om 
the  pump  brake  at  the  top  of  the  well.  The  lower  end  of  the  piston  rod 
IS  connected  by  a  bolt  to  that  part  of  the  lever  that  is  within  UK  trunk. 
This  apparatus  forms  the  lifting  or  farcing  put  of  the  machine.  A  com- 
mon pump  tree  or  bored  log  extends  from  the  place  to  which  the  water 
is  to  be  raised,  to  the  lop  of  the  trunk,  and  tlie  junction  with  the  latter 
made  perfectly  tight:  an  upper  box  or  piston  with  its  rod  is  fitted  to  woril 
in  the  tree  like  an  ordinary  wooden  pump,  while  the  valve  on  the  trunk 
answers  the  purpose  of  a  lower  box.  This  rod  is  attached  to  the  brake  on 
one  side  of  the  fulcrum  and  the  chain  that  is  connected  to  the  lever  and 
lower  rod  to  the  opposite  side,  so  that  as  one  piston  tises  the  other  de- 
scends and  a  constant  stream  of  water  is  discharged  above. 

This  is  the  oldest  pump  with  two  pistons  that  we  know  of,  and  it  has 
one  advantage  aver  others,  viz  :  in  raising  water  without  changing  its  di- 
rection. We  at  first  intended  to  insert  a  6gure  of  it,  but  the  apparatus 
for  working  it  is  too  complicated  for  popular  illustration.  Although  mo- 
'mparted  to  the  piston  as  noticed  above,  it  is  not  done  directly,  but 
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by  means  of  such  an  enormous  amount  of  complei 
useless  machinery  as  would  excite  amasemeat  in  a  mo- 
dem mechanician.  There  is  an  assemblage  of  rods  and 
levers,  tongs  and  lazy  tongs,  chains,  right  and  left  hand- 
ed screws,  a  heavy  counterpoise  and  a  massive  pendn- 
lum,&c.,all  of  which  are  required  to  bo  put  in  motion  be- 
fore the  pistons  can  be  moved.  A  figure  of  such  a  pump 
\rauld  possibly  interest  some  readers  as  a  matter  of 
curiosity,  for  certainly  a  rarer  example  of  the  was«« 
of  power  could  not  well  be  imasinea  :  it  presents  mm 
clumsy  and  "  round-about"  a  mode  of  acc(»nplishing  a 
very  simple  purpose,  as  that  of  the  genius  who,  in  taji- 
ping  a  cuk  of  wine,  never  thought  of  iLserting  the 
spigot  inio  the  barrel,  but  attempted  to  drive  the  barrel 
on  the  sp^ot.  _ 

Sometin  es  jiumps  with  solid  and  hollow  pistons  ai« 
comtnned  as  >ii  ;vo,  130,  a  contrivajioe  of  Mr,  Trevo- 
thick.  The  cyliiider  of  a  forcing  pump  coromun'catea 
with  ibat  of  an  atmospheric  one  ;  both  piston  rode  ana 
connected  to  a  cross-lar  and  rise  and  fall  together,  Whea 
the  pistons  are  raised  the  water  above  that  in  the  lone 
(or  atmospheric)  cy'  i.der  is  discharged  at  the  spon:..  i=jl 
the  space  below  ihera  is  filled  by  the  atmosphere  forc- 
ing up  fteab  pomons  through  the  suction  pipe.     WbeD 


• 
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die  pistons  descend,  the  valve  on  tlie  suction  pipe  closes,  and  the  solid 
piston  drives  the  water  in  its  cylinder  through  the  hollow  one  in  the  other. 
so  that  whether  rising  or  falling  the  liquid  continues  to  flow.  As  both 
cylinders  are  filled  at  the  same  time,  the  bore  of  the  suction  pipe  should 
be  proportionably  enlarged.  The  plate  bolted  over  tlie  opening  at  the 
lower  part  of  one  cylinder  is  to  give  access,  in  large  pumps,  to  the 
lower  valve. 

In  some  pumps  both  a  solid  and  a  hollow  piston  are  made  to  work  m 
the  same  cylinder.  Such  were  those  that  constituted  the  "  single-cham- 
ber fire-engine"  of  Mr.  Perkins.  A  plunger  worked  through  a  stuffing 
box  as  in  No.  123,  and  its  capacity  was  about  half  that  of  the  cylinder ; 
consequently  on  descending  it  displaced  only  that  proportion  of  the  contents 
of  the  latter.  The  apertures  of  discharge  were  at  the  upper  part  of  the 
cylinder,  and  a  single  receiving  one  at  the  bottom.  From  die  lower  end 
of  the  plunger  a  short  rod  projected,  to  which  a  hollow  piston  or  sucker 
"was  attached,  fitted  to  work  close  to  the  cylinder,  so  that  when  the  plunger 
was  raised,  this  piston  forced  all  the  water  above  it  through  the  discharg- 
ing apertures.  To  convert  one  of  these  pumps  into  a  fire-engine,  tlie  cy- 
linder of  the  pump  was  surrounded  by  a  shorter  one  of  sheet  copper,  the 
lower  end  of  which  was  left  open,  and  its  upper  one  secured  air-tight  to 
the  flanch  of  the  pump ;  the  space  left  between  the  two  forming  a  passage 
for  the  water  expellea  out  of  the  inner  one.  A  larger  and  close  cylinder 
encompassed  the  last,  and  the  space  between  them  was  the  air  chamber,  to 
the  lower  part  of  which  a  hose  pipe  was  attached  by  a  coupling  screw 
in  the  usual  way. 

Such  pumps  are  more  compact  than  those  with  two  cylinders,  but  they 
are  more  complex,  less  efficient,  and  more  difficult  to  keep  in  order  and  to 
repair.  The  friction  of  the  plunger  and  sucker  is  much  greater  than  that 
of  the  piston  of  an  ordinary  double  acting  pump  of  the  same  dimensions;, 
and  the  latter  discharges  double  the  quantity  of  water;  for  although  double 
acting,  tlie  effect  of  these  pumps  is  only  equal  to  single  acting  ones.  For 
the  above  reasons  they  have,  we  believe,  become  obsolete  or  nearly  so. 


CHAPTER    V. 

BoTART  or  rotatory  pumps:  Uiiiromiity  in  eflTortsmsdo  to  improve  miichln9»— Prevniliof  evstomto 
eomrert  rectilinear  and  rociprocatiiifr  iiioveinenti  into  cireular  od«»— Epifram  ofAntipater — ^Ancioat 
opinion  reapocting  cireular  motion*— A li vantages  of  rotary  motions  exemplified  in  various  macliineo— 
Operations  of  spitminf  and  weavin; ;  hiatorical  nnacdoten  reeiiectruf  tliem— Rotary  pump  from  Ser- 
Ticm  -Interastinf  liventions  of  bis — CiofEaUiailion  of  rotary  putti|M— Gve^  s'eam-eof tne  and  pump— 
Another  class  of  rotary  pump»— Rotary  |>ump  of  the  ISili  eaiitury'— Pump  with  sliding  butmant— Trot- 
C0r*a  engine  and  pump— French  rotary  i.urap— Braniah  and  Dickeuson's  pump— Rotary  pnnps  with  pia- 
tooa  In  the  form  of  ranes— Centririifral  pump— Defects  of  rotary  pumps— Reciprocatinf  rotary  pumps; 
A  Praoch  one— An  English  ono— Dnfonts  of  these  pumps. 

No  one  can  study  the  past  and  present  history  of  numerous  machines 
and  devices  without  perceiving  a  striking  uniformity  in  the  efforts  made 
to  improve  them  in  distant  times  and  countries;  the  same  general  defects 
and  sourees  of  dsfects  seem  always  to  have  been  detected,  and  similar  me- 
thods hit  upon  to  remedy  or  remove  them:  the  same  ideas,  moreover,  led 
inventors  to  modify  and  apply  machines  to  other  purposes  than  those  for 
M^hich  they  were  originally  designed,  and  also  to  increase  their  eflect  by 
rhangiiig  the  i  ature  and  direction  of  tV.eir  motions.  So  unifonn  ha\  c  been 
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the  speculations  of  ingenious  men  in  these  resi>ects,  that  one  might  be  al-* 
most  led  to  suppose  they  had  reasoned,  like  the  lower  animals  from  a  com* 
mon  instinct ;  and  that  the  adage  of  Solomon,  "  there  is  no  new  thing  un* 
der  the  sun,"  was  as  applicable  to  the  inventions  of  man,  as  the  works  of 
nature.  It  would  indeed  be  no  very  hard  task  to  show  that  the  preacher 
was  correct,  to  an  extent  not  generally  believed,  when  he  penned  the  fol- 
lowing interrogatory  and  reply—"  Is  there  any  thing  whereof  it  may  be 
said,— Se*^.  iK.s  is  new  1 — it  hath  been  of  old  time  which  was  beftire  us." 
Did  a  modem  iavan  invent  some  peculiar  surgical  instruments  of  great 
merit  ? — similar  ones  were  subsequently  discovered  in  the  ruins  of  Pom- 
peii. Have  patents  been  issued  in  late  years  for  economizing  fuel  in  the 
heating  of  water,  by  making  the  liquid  circulate  through  hollow  grate 
bars  ? — the  same  device  has  been  found  applied  t  ^  ancient  Roman  boilers. 
And  the  recent  practice  of  urging  Bres  with  currenio  of  steam  (also  patented) 
was  quite  common  in  the  middle  ages.  (See  remurks  on  the  Eolipile  in 
the  next  book.)  Numbers  of  such  examples  might  be  adduced  from  al- 
most every  department  of  tlie  useful  ai'ts. 

From  the  earliest  times  it  has  been  an  object  to  convert,  whenever  prac- 
ticable, the  rectilinear  and  reciprocating  movements  of  machines  into  cir- 
cular and  continuous  ones.  Old  machinists  st^m  to  have  oeen  led  to  this 
result  by  that  tact  or  natural  sagacity  that  is  more  or  less  common  to  all 
times  and  people :  thus  the  dragging  of  heavy  loads  on  the  ground  led  to 
the  adoption  of  wheels  and  rollers — hence  our  carts  and  carriages  :^-the 
rotAry  movements  of  the  drill  and  the  wimble  superseded  the  alternating 
one  of  the  punch  and  gouge,  in  making  perforations: — the  horizontal  wheel 
of  the  potter  rendered  modeling  of  clay  vessels  by  hand  no  longer  neces- 
sary: — the  whetstone  gave  way  to  the  revolving  grindstone: — the  turning 
lathe  produced  round  forms  intinitely  more  accurate,  and  expeditiously  than 
the  uncertain  and  irregular  carving  or  cutting  away  with  the  knife.  The 
quern,  or  original  hand  mill,  was  more  efficacious  than  the  alternate  action 
of  the  primitive  pestle  and  mortar  for  bruising  grain ;  and  the  various 
forces  by  which  corn  mills  have  subsequently  been  worked,  have  always 
been  applied  through  revolving  mechanism.  The  short  handles,  on  the 
moveable  stone,  by  which  femiUes  and  slaves  moved  it  round,  became  in 
time  lengthened  into  levers,  and  being  attached  to  the  peripheries  of 
larger  stones,  slaves  were  sometimes  yoked  to  them,  who  ground  the  grain 
by  walking  round  a  circular  path.  Subsequently  slaves  were  replaced  by 
animals,  and  these,  in  certain  locations,  by  inanimate  agents — wind  and 
water.  The  period  is  unknown  when  man  first  derived  rotary  motion 
from  the  straight  currents  of  fluids,  for  there  is  no  sufficient  reason  to  be- 
lieve that  thf  water  mill  located  near  the  residence  of  Mithridates  was  the 
first  one  ever  used  in  grinding  corn  :  that  may  have  been  the  one  first 
known  to  the  Romans ;  but  it  is  very  probable  that  such  machines  as  well 
as  wind  mills  were  in  use  in  Egypt,  Syria,  China,  and  other  parts  of  Asia, 
in  times  that  extend  far  beyond  the  confines  of  authentic  history.  An  epi- 
gram of  Antipater,  a  contemporary  of  Cicero,  imolie*  that  water  mills 
were  not  then  very  common  in  Europe.  "  Cease  your  work,  ye  maids, 
ye  who  laboured  in  the  mill :  sleep  now,  and  let  the  birds  sing  to  the  ruddy 
morning,  for  Ceres  has  commanded  the  water  nymphs  to  perform  \our 
task ;  these,  obedient  to  her  call,  tltrow  themselves  on  the  wheel,  force 
round  the  axle-tree,  and  by  these  means  the  heavy  mill." 

Rotary  motions  were  favorite  ones  with  ancient  philosophers :  rhej 
considered  a  circle  as  the  most  perfect  of  all  figures,  and  erroneously  con- 
cluded that  a  body  in  motion  would  naturally  iwolve  in  one. 

To  the  subsiitutloQ  of  circular  for  straight  motions,  and  of  continuous  tor 
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alternating  ones  may  be  attributed  nearly  all  tbe  conveniences  and  elegan- 
cies of  civilized  life.  It  is  not  too  much  to  assert  that  the  present  advanced 
state  of  science  and  the  arts  is  due  to  revolving  mechanism;  we  may 
speak  of  the  wonders  that  steam  and  other  motive  agents  have  wrought, 
but  what  could  they  have  done  without  this  means  of  employing  them  t 
The  application  of  rotary,  in  place  of  other  movements,  is  conspicuous  in 
naodein  machinery;  from  that  which  pi*opols  the  stately  steam  ship  through 
the  water,  and  those  flying  chariots  named  "  locomotives*'  over  the  land, 
to  that  which  is  employed  in  the  manufacture  of  pins  and  pointing  of  nee- 
dles. It  is  by  this  that  the  irregular  motion  o£  the  ancient  flail  and  primeval 
sieve,  have  become  unifonn  in  thrashing,  bolting  and  winnowing  machines; 
— hence  our  circular  saws,  shears  and  siirtix.g  mills; — the  abolition  of 
tlie  old  mode  of  spreading  out  roez^l  mto  chescj  with  the  hammer,  by 
the  more  expeditious  one  of  passing  it  through  rollers  or  flatting  mills : — 
and  hence  revolving  oars  or  }*addle  A'heels  for  the  propulsion  of  vessels— 
the  process  of  inking  type  with  rollers  in  place  cf  hand  balls — rotary  and 
power  printing  presses — anc  revolving  machines  for  planing  iron  and 
other  metals  instead  of  the  ancient  practice  of  cliipplr.g  olf  superfluous  por- 
tions with  chisels,  and  the  tedious  o|)e ration  of  smoothing  the  surfaces 
with  Hies. 

But  in  few  things  is  the  effect  of  tliis  change  of  motion  more  conspi- 
cuous than  in  the  modem  apparatus  for  preparing,  spinn>ng  and  weaving 
vegetable  and  other  fibres,  into  fabrics  for  clothing.  The  simj)le  application 
of  rotary  motions  to  these  o]>erations  has  in  a  great  degree  revolutionized 
the  domestic  economy  of  the  wt  rid,  and  has  increased  the  general  com- 
forts of  our  race  a  hundred  fold.  From  the  beginning  of  time  females 
have  spun  thread  with  the  distaff  and  spindle  :  Naamah  tlie  antediluvian, 
and  Lachesis  and  Omphale  the  mythological  spi  asters,  have  been  imi- 
tated in  the  use  of  these  implements  by  the  industrious  of  their  sex  in  all 
ages  and  countries  to  quite  moHern  days,  and  even  at  present  they  are 
employed  by  a  great  part  of  the  human  family.  In  India,  China,  Japan, 
and  generally  through  all  Uie  East,  as  well  as  by  the  Indians  of  this  he- 
misphere, this  mode  of  making  thread  is  continued :  the  filaments  are 
drawn  from  the  distaff  and  twisted  by  the  finger  and  thumb,  the  thread 
being  kept  at  a^  proper  tension  by  a  metallic  or  other  spindle,  sus- 
pended to  it  like  the  plummet  of  a  builder's  level,  and  the  momentum  of 
w^hich,  while  turning  round,  keeps  twisting  the  yarn  or  thread  in  the 
interim  of  repeating  the  operation  with  the  fingers.*     The  thread  as  it  is 


*  There  are  numerous  allusioui  m  history  to  thia  primitive  mode  ofupinning,  that  are 
highly  illi]«trative  of  ancient  inaiinera.  At  ihe  battle  ofSalamis.  Queen  Artemisia  com- 
manded a  ship  in  the  PerHian  fleet,  and  Xerxes,  as  a  compliment  to  her  bravery,  sent 
her  a  complete  suit  of  armor,  while  to  his  general  (who  was  defeated)  he  presented  a 
distaff  and  spindle.  When  Plicretine  applied  to  Rueltlion  of  Cyprus  for  an  army  to  re- 
cover her  former  dignity  and  country,  he  intimated  the  impropriety  of  her  conduct  by 
aending  her  a  distaff  of  wool  and  a  golden  sp'ndie.  Uerod.  iv,  162.  Hercules  attempted 
to  spin  in  thu  presence  of  Cmphale,  and  she  bantered  him  on  his  uncouth  manner  of 
holdtng  the  distaff.  Among  the  Greeks  and  Romans.  !ne  rites  of  marriage  directed  the 
attention  of  women  to  spinning ;  a  dis^taff  aitd  hcece  were  the  emblems  and  objects  of 
the  housewife's  labors;  and  so  they  vera  a:nong  the  Jews—"  A  virtuous  woman  [say» 
Solomon]  layeth  her  hands  to  the  spindle  and  her  hands  hold  ifie  distaff.**  Whon  Lfa- 
cretia  was  surprised  by  the  visit  of  Collatinus  and  hi^  companions  of  the  cftnp,  although 
the  night  was  far  advanced,  they  found  her  with  her  maids  engaged  in  spmning.  A 
painting  found  in  Pompeii  represents  Ulysses  seated  at  his  own  gate,  and  concealed 
nnder  the  garb  of  a  beggar ;  Penelope,  who  is  inquiring  of  tlie  supposed  mendicant  foi 
tidings  of  her  husband,  holds  in  one  hand  a  spindle,  as  if  just  called  from  spinning.  On 
the  monuments  of  Beni  Hassan  both  men  and  women  are  represented  <spinr mg  and 
weaving.  Several  Egyptian  spindles  are  preserved  in  the  museums  of  Europe,  See 
SM  ancount  of  a  female  in  Sardia  spinning  wiiile  going  for  water,  at  page  32. 
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formed  is  wound  round  the  spindle.  In  1530  Jurgen  of  Brunswick  de« 
vised  a  machine  which  dispensed  with  this  intermitting  action  of  the  fingers, 
L  e.  he  invented  the  spinning  w/ieelf  which  rendered  the  opemtioR  of 
twisting  the  filaments  uniform.  The  wheel,  however,  like  the  priniitiTB 
apparatus  it  was  designed  to  supersede,  produced  only  one  thread  at  a 
time;  hut  in  the  last  century  Hargreaves  produced  the  **  spinning  jenny," 
hy  which  a  single  person  on  turning  a  wheels  could  spin  eighty-four  threads 
at  once ;  then  followed  the  '*  rollers"  of  Arkwright,  the  "  mule"  of  Crompton, 
to  which  may  be  added  the  "  gin"  of  Whitney,  and  also  "carding  engines," 
In  place  of  the  old  hand  cards,  aH  composed  of  and  put  in  motion  by 
revolving  machinery  : — these  have  indefinitely  extended  the  spinning  of 
thread,  and  relieved  females  from  a  species  of  labor  that,  more  than  any 
other,  occupied  their  attention  frcm  the  beginning  of  the  world;  and  lastly 
•*  power  looms"  impelitd  by  water,  wind,  steam,  or  animals  (through  the 
agency  of  circular  movements)  are  rapidly  superseding  the  irregular  and 
altiirnadng  motion  of  hiinian  hands  in  throwing  the  shuttle  to  and  fro. 

The  conversion  of  iu?ermitting  into  continuous  circular  movements  is 
also  obvious  in  ancieui  dt* vices  for  i*aisitig  water.  The  alternate  action  of 
the  swape,  the  jantu  and  vibrating  gutter  thus  became  uninterrupted 
in  the  noria  and  tympanum-— i.h»»  irregular  movement  of  tlie  cord  and 
bucket  became  uniform  in  the  chain  ami  pots ;  and  so  did  the  motion  of 
the  pitcher  or  pa«l  as  used  by  h«pd,  when  suspended  to  the  rim  of  a  Per- 
sian wheel.  Arid  when  the  construction  of  machines  did  not  allow  of  a 
suitable  cha^tffe  v»*"  form,  they  w*  re  often  worked  by  cranks  or  other  simi- 
lar movemeucs ;  (of  this  sevcmt  examples  arc  given  in  preceding  pages;) 
but  in  no  branch  of  the  arts  liiis  this  prcference  for  circular  movements 
O'er  straight  ones  K*en  so  signally  exhibited  as  in  the  numerous  rotaty 
pumps  and  steam  engines  that  have  been  and  still  are  brought  forward ; 
and  m  no  department  of  machinery  has  less  success  attended  the  change. 
Most  of  these  machines  that  have  hitheito  been  made  may  be  considered 
as  failures ;  this  result  is  consequent  on  di  ?  practical  difficulties  attending 
their  construction,  and  the  rendering  of  them  dumble.  These  difficulties 
(which  will  appear  in  the  sequel)  are  to  a  certain  extent  unavoidable,  so 
that  the  prospect  of  superseding  cylindrical  pumps  and  steam-engines  is 
probably  as  remote  as  ever. 

At  an  early  stage  in  the  progress  of  the  nrachines  last  named,  it  became 
a  desideratum  with  engineers  to  obtain  a  continuous  rotary  mciVement  of 
the  piston  rod  in  place  of  the  ordinary  ix^ctilincar  and  reciprocating  one, 
that  the  huge  "  walking  beam,"  crank  and  connecting  shaft  miffht  be  dis- 
pensed with,  the  massive  fly-wheel  eitlicr  fi^i*ently  reduced  or  abandoned, 
and  the  power  saved  that  was  consumed  in  ovi*: coming  their  inertia  and 
friction  at  every  stroke  of  the  piston.  Reasoning  analogous  to  this  had 
long  before  led  some  old  mechanicians  to  convert  the  motion  of  the  com- 
mon pump  rod  into  a  circular  one ;  in  other  words,  to  invent  rotary  or 
rotatory  pumps.  By  these  the  power  expended  in  bonstantly  bringing 
all  the  water  in  the  cylinder  and  suction  pipe,  aUcrnatel^' to  a  state  of  rest 
and  motion  was  saved,  because  the  liquid  is  kept  in  constant  motion  in 
passing  through  them.  Tiie  sieam  engine  was  not  only  originally  de- 
designed  as  a  subsHtute  for  pnm|'i8  to  raise  w^ater,  but  in  all  the  variety  of 
its  forms  and  modifications  it  iras  retained  the  same  analogy  to  pumps  as 
these  have  to  bellows.  One  of  the  oldest  of  modem  rotary  steam  engineSy 
that  of  Murdoch,  was  a  copy  of  an  old  pump,  a  figure  of  which.  No.  131, 
is  taken  from  Serviere's  collection. 

Two  cog  wheels,  the  teeth  of  which  are  fitted  to  work  accurately  into 
each  other,  are  cnidosed  in  an  elliptical  case.     The  sides  of  these  wheels 
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Mm  cIoM  to  those  of  the  case,  so  that  water  cannot  enter  between  them. 
The  axle  of  one  of  tlie  wheels  is  continued  through  one  side  of  tiie  cose, 
(whiefa  is  removed  in  the  figure  to  show  the  interior,)  aud  the  opening 
made  tight  by  a  stuffing  box  or  collar  of  leather.  A  craiak  ie  applied  to  tho 
end  to  turn  it,  and  as  one  wheel  revolves, 
it  oeceftsarily  turns  the  other;  the  direc- 
rion  of  their  motions  being  indicated  by 
the  arrows.  The  water  that  enters  the 
lower  part  of  the  case  is  swept  i.^  the 
ends  by  each  cog  \d  rotadon,  and  as  tt 
cannot  return  between  the  wheels  in  con- 
sequence of  the  co^  being  there  always 
in  contact,  it  must  necesaonly  rise  in  the 
asoendiiig  or  forcing  pipe.  The  machine 
is  therefore  both  a  sucking  and  forcing 
one.  Of  rotary  pumps  this  is  not  only 
one  of  the  oldest,  but  one  of  the  best. 
Fire  engines  made  on  the  same  plan  were 
patented  about  twenty-6ve  years  ago  in 
England,  and  more  recently  pumps  of 
the  same  kind,  in  this  country.  We  have 
seen    one  with    two    cllipltcal    wheels, 

_    _,,  „_. , ,_  which  were  so  geared   that  the  longer 

D.i.  nt  nno  luhooi  Tjight  comcidc  (m  one 


position)  with  the  short  one  of  the  other.  Sometimes  a  groove  is 'made 
■iong  the  face  of  each  cog,  and  a  strip  of  leather  or  other  packing  se 
cured  in  it. 

1'be  pump  figured  above  is  believed  to  have  been  known  long  before 
Servient's  time,  a  model  of  it.  as  of  other  interesting  machines,  having 
been  placed  in  his  museum  without  regard  to  its  origin.  RamelU  is  said 
to  tiave  dcBcrihed  some  similar  ones  in  the  middle  of  the  16lh  century, 
but  we  have  not  been  able  to  procure  a  copy  of  his  book.  The  aucdon 
pijie  in  the  preceding  figure  has  been  added.  In  the  original  the  water 
entered  directly  through  the  bottom  of  the  case  :  the  model  was  probably 
so  made  that  part  of  the  wheels  might  be  visible,  and  the  construction  and 
operauon  of  the  machine  more  easily  comprehended. 

Servieta  was  a  French  gentleman,  bom  at  Lyons  in  1593.  Indepen- 
dent in  his  circumitances,  end  inchn^  to  mechanical  researches,  he  was 
led  to  establish  a  cabinet  of  models  of  rare  and  curious  machines — of 
these  some  were  invented  by  himself  and  displayed  uncommon  ingenuity. 
It  'ltn:»  not  appear  that  any  account  of  the  whole  was  ever  published  ;  a 
part  only  betiip;  included  in  the  small  volume  editea  ^y  his  grandson,  the 
title  of  which  we  have  given  at  the  foot  of  page  63.  Ti.>t  work  is  divided 
into  three  parts ;  the  first  relates  to  figures  formed  in  the  laAe,  as  spheres, 
cubes,  ellipses,  kc, ;  some,  being  hollow  and  containing  others  within 
them,  hke  Chinese  balls,  are  extraordinary  specimens  of  workmanship. 
There  are  also  vases,  urns,  &c.  not  only  round  and  elliptical,  but  angular, 
«o  tliar  not  only  were  the  oval  and  eccentric  cfaucks  known  tc  S^rviere, 
but  the  lathe  for  turning  irregular  surfaces  appears  to  have  been  used  by 
faim.  The  second  part  contains  an  account  of  clocks  all  made  by  himself, 
the  mechanism  of  which  is  exceedingly  ingemous.  Some  are  moved  by 
•priTigs,  others  by  weights,  water,  sand,  &x.  They  are  fully  equal  to  any 
thing  of  the  kind  at  the  present  day :  indeed  that  beautiful  device  by 
which  a  amall  brass  ball  is  made  to  traverse  backwards  and  forwards  acrosl 
•■  inclined  plane,  which  still  retains  a  place  amoufr  mantel  clocks,  is  one 


M6  Roiary  Pumpi.  [Book  III 

of  S^rviere'i,  besides  several  modifications  of  it  equally  interesting.  One 
baif  of  the  third  part  is  occupied  with  descriptions  of  machines  for  raising 
water;  these  consist  of  gutters,  swapes,  cham  of  pots,  gaining  and  losing 
buckets,  norias,  tympanums  and  other  wheels ;  and  lastly,  pumps,  among 
which  is  the  rotary  one  figured  above.  Breval,  in  his  *'  Remarks  on  Eu- 
rope," part  ii,  page  89,  mentions  several  machines  in  S^rviore's  "  famous 
cabinet  of  mechanicks"  that  are  pot  noticed  in  the  volume  published  by 
his  gra..dson ;  while  others  are  inserted  that  were  not  invented  till  after 
his  death,  as  Du  Fay's  improvement  on  the  tympanum. 

Rotary  pumps  may  be  divided  into  classes  according  to  the  forms  of 
and  methods  of  working  the  pistons,  or  those  parts  that  act  as  such  :  and 
according  to  the  various  modes  by  which  the  hutment  is  obtained.  It  is 
this  last  that  receives  the  force  of^  the  water  when  impelled  forward  by 
the  piston  ;  it  also  prevents  the  liquid  from  being  swept  by  the  latter  en- 
tirely round  the  cyhnder  or  exterior  case,  and  compels  it  to  enter  the  dis- 
charging pipe,  in  these  particulars  consist  all  the  essential  differences 
in  rotary  pumps.  In  some  the  butments  are  moveable  pieces  that  are 
made  to  draw  back  to  allow  the  piston  to  pass,  when  they  are  again 
protruded  till  its  return ;  in  others,  they  are  fixed  and  the  pistons  them- 
selves give  way.  It  is  the  same  with  the  latter  ;  they  are  sometimes  per- 
manently connected  to  the  axles  by  which  they  are  turned,  and  some- 
times they  are  loose  and  .drawn  into  recesses  till  the  butments  pass  by. 
Ill  another  class  the  pistons  are  rectangular,  or  other  shaped,  pieces  that 
turn  on  centres,  something  like  the  vanes  of  a  horizontal  wind  mill,  sweep- 
ing the  water  with  their  broad  faces  round  tlie  cylindrical  case,  till  they 
approach  that  part  which  constitutes  the  butment,  when  they  move  edge- 
ways and  pass  through  a  narrow  space  which  they  entirely  fill,  and  thereby 
prevent  any  water  passing  with  them.  In  other  pumps  the  butment  is  ob- 
lained  by  the  contact  of  the  peripheries  of  two  wheels  or  cylinders,  that 
roll  on  or  rub  against  each  other.  No.  131  is  ctf  this  kina — while  the 
teeth  in  contact  with  the  ends  of  the  case  act  as  pistons  in  driving  the 
water  before  them,  the  others  are  fitted  to  work-  so  closely  on  each  other 
as  to  prevent  its  return.  The  next  figure  exhibits  another  modification  of 
the  same  principle. 

In  1S25  Mr.  J  Eve,  a  citizen  of  the  United  States,  obtained  a  patent 
in  England  for  a  rotary  steam-engine  and  pump.  No.  1^2  will  serve  to 
explain  its  application  to  raise  water.  Within  a  cylindrical  case  a  solid  or 
hollow  drum  A  is  made  to  revolve,  the  sides  of  which  ore  fitted  to  move 
close  to  those  of  the  case.  Three  projecting  pieces  or  pistons,  of  the  same 
width  as  the  drum,  are  secured  to  or  cast  on  its  periphery  ;  they  are  at 
equal  distances  from  each  other,  and  their  extremities  sweep  close  round 
tlte  inner  edge  of  the  case,  as  shown  in  the  figure.  The  periphery  of  the 
drum  revolves  in  contact  with  that  of  a  smaller  cylinder  B  from  which  a 
portion  is  cuPoff  to  form  a  groove  or  recess  sufficiently  deep  to  receive 
within  it  each  piston  as  it  moves  past.  The  diameter  of  the  small  cy- 
linder  is  just  one  third  that  of  the  drum.  The  axles  of  both  arc  continued 
through  one  or  both  sides  of  the  case,  and  the  openings  made  tight  with 
stuffing;  boxes.  On  one  end  of  each  axle  is  fixed  a  toothed  wheel  of  the 
same  diameter  as  its  respecdve  cylinder ;  and  these  are  so  geared  into 
one  another,  that  when  the  crank  attached  to  the  drum  axle  is  turned,  (in 
the  direction  of  the  arrow,)  the  groove  in  the  small  cylinder  receives  suc- 
cessively each  piston ;  thus  affording  room  for  its  passage,  and  at  the  same 
time  by  the  contact  of  the  edge  of  die  piston  with  its  curved  part,  prevent- 
ing  water  from  passing.  As  the  macnine  is  worked  the  water  that  en* 
ten  the  lower  part  of  the  pump  through  the  suction  pipe,  is  forced  round 
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and  compelled  to  rise  in  the  discharging  one,  as  indicated  hy  the  arrows. 
Other  pumps  of  the  same  class  have  such  a  portion  of  the  small  c^lin- 
iler  cut  off,  that  the  concave  surface  of  the  remainder  forms  a  continuation 
of  the  case  in  front  of  the  recess  while  the  pistons  are  passing ;  and  thei. 
by  a  similar  movement  as  that  used  in  the  figure  described,  the  convex 
part  is  brought  in  contact  with  the  periphery  of  the  drum  till  the  piston's 
return. 

All  rotary  pumps  arc  both  sucking  and  forcing  machines,  and  are  gene- 
mily  furnished  with  valves  in  both  pipes,  as  in  the  ordinary  forcing  pumn. 
The  hutments  are  always  placed  between  the  apertures  of  the  sucking 
and  forcing  pipe*. 
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rhere  is  another  class  t^  pumps  thit  hears  some  relationship  to  the  pre- 
M  (ing — the  eltUtl  branch,  we  believe,  of  the  same  family.  One  of  these  is 
fiaured  in  the  133rd  illustration:  the  butment  consists  of  a  curved  Hup  that 
trains  on  a  hinge  ;  it  is  so  arranged  as  to  be  received  into  a  recess  lormed 
on  tlio  rim  or  periphery  of  the  case,  and  into  which  it  Is  forced  by  the 
r^iston.  Tlie  concave  side  of  the  flap  is  of  the  same  curve  as  the  nm  of 
the  ease,  and  whf  n  pushed  back  forma  a  part  of  it.  Its  width  is,  of 
course,  eouat  to  that  of  the  drum,  against  the  rim  of  which  its  lower  edge 
la  prcssoa ;  this  is  effeciitd  in  aome  pumps  by  springs,  in  others  by  cams 
cog  wheels,  >Vc.,  fixed  on  the  axles,  as  in  the  last  one.  The  force  by 
which  the  llu{>  IS  urged  against  the  drum  must  exceed  the  pressure  of 
the  liipiid  column  in  the  discharging  pipe.  The  semicircular  pieces  on  the 
outer  edge  of  the  cose  represent  ears  for  securing  the  pump  to  planks  or 
frani<~s,  &c.,  when  iii  tise.  The  arrows  in  the  figures  show  the  direction 
in  which  the  pinton  aiii!  water  is  moved. 

Such  machined  have  of^n  been  patented,  both  as  pumps  and  steam- 
enoincs.  I  n  17S2  Mr.  Watt  thus  secured  a  "  rotative  engine"  of  this  kind, 
and  in  1707  Mr,  Canwright  inserted  in  the  specification  of  his  metalUc  pis- 
ton a  dt'iicriptiiu]  of  another  similar  to  Watt's,  except  that  the  case 
had  two  flajis.  and  three  pistons  were  formed  on  the  drum.  In  1818  Mr. 
Jtiiiiiliid^e  pniemed  anntncr  with  a  single  flap  and  piston,  (Rep.  of  Arts, 
uii,  2d  series  ;)  but  the  principle  or  prominent  feature  in  all  thei 
/  Frei   ■  '      "  "  -'       ■         ■ 


had   been   applied   long   before  bv  French  mechanicians.      Nearly  a 

dred  years  before  the  date  of  Watt's  patent,  Amontinu  communicated 
(o  the  French  Academy  a  description  of  a  rotary  pump  suhstaniially  the 
•ame  as  represented  in  the  last  figure.  It  is  figured  and  described  in  the 
jnt  volume  of  Maehintt  Appromo.  p.  103  :  the  body  of  the  pump  or  case 
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U  a  fthort  cylindei,  but  the  piston  ia  elliptical,  its  traneverae  Jiameter  Iw- 
inc  equal  to  iLat  of  the  cylinder,  hence  it  perTormed  the  part  of  two  piatons. 
Tn^re  are  alwi  two  flaps  on  opposite  sides  of  the  cylinder.  A  pump  not 
unlike  this  of  Amontons,  with  an  elliptical  case,  b  described  in  toL  it. 
of  Nicholson's  Phil.  Journal  466,  Several  similar  ones  have  nnc«  b«e(i 
proposed. 

In  other  pumps  the  flaps,  instead  of  acting  as  hutments,  are  made  to 
perform  the  part  of  pistons  ;  this  is  done  by  nitiging  them  on  the  rtm  of 
th«  drum,  of  which,  when  closed,  they  also  form  a  part :  they  are  closed 
by  passing  under  a  permanent  projecting  piece  or  untment  that  oKtends 
£n>m  the  case  to  the  drum. 

In  No.  134  the  butment  is  movable  A  soHd  wheel,  formed  into  three 
spiral  wings  that  act  as  pistons,  is  turned  round  within  a  cylindncsl  case. 
The  butment  B  is  a  [uece  of  metai  whose  width  is  equal  to  the  thickness 
of  the  wings,  or  the  interior  breadth  of  the 
cylinder ;  it  is  madi  to  slide  through  a 
atuiting  box  on  the  lot  if  the  case,  and  by 
its  ioeigfU  to  descend  and  rest  upon  the 
wings.  Its  upper  part  termin&ies  in  a  rod, 
which,  passing  between  two  rollers,  pre* 
serves  it  in  a  perperdicular  portion.  As 
the  wheel  is  turned,  the  point  of  each 
wing,  (like  the  cogs  of  tne  wheels  in 
No.  131.)  pushes  before  it  the  water  that 
enters  the  lower  part  of  the  cylinder,  and 
drives  it  through  the  valve  into  the  ascend- 
ing pipe  A ;  at  the  same  time  the  butment 
is  gradually  raised  by  the  curred  Eurfaoe  of 
the  wing,  and  as  soon  as  the  end  of  the  lat- 
ter pusea  under  it,  the  load  on  the  rod 
causes  it  instsTitly  to  d  etcend  Upon  the  nest 
one,  which  in  its  tarn  produces  the  some 
effect.  This  pump  is  as  old  as  the  16th 
-  —    —  -  -  century,   and   prooably  was   known   much 

M&I3C  KMwrPaBrdftkciMk        ea'-lier.     Besides  the    defects  common  to 
tamry.  tnoa.  of  its  specie%  it  has  one  peculiar  to 

ittelf : — as  the  ImttnenC  must  be  loaded  with  weights  sufBclent  to  overcome 
the  pressure  of  the  liquid  column  over  the  valve,  {o'herwise  it  would  itself 
be  raised  and  the  water  would  escape  beneath  it;]  the  power  to^roric  this 
pump  is  therefore  more  than  double  the  amount  which  the  water  forced 
up  requires.  The  instrument  is  interesting,  however,  as  affording  an  il- 
lustrauun  of  the  early  use  of  the  sliding  valve  and  stuffing  box  ;  and  as 
containing  some  of  the  elements  of  recent  rotary  pumps  and  aieara-engines. 
The  pump  represented  by  No.  135  consists  also  of  an  exterior  case  or 
short  cylinder  within  which  a  small  and  solid  one  A  is  made  to  revolve.  To 
the  last  an  arm  or  piston  is  attached  or  cast  in  one  piece  with  it,  the 
tides  and  end  of  which  are  fitted  to  bear  slightly  against  the  sides  and  rim  in 
the  case.  A  butment  B  B  slides  backwards  and  forwards  through  a  stuffing 
box,  and  is  so  arranged  (by  means  of  a  cam  or  other  contrivance  connected 
to  the  axle  of  the  small  cylinder  on  the  outside  of  the  case)  that  it  can  be 

Sushed  into  the  interior  as  in  the  figure,  and  at  the  proper  'ime  be 
rawn  back  to  afford  a  passage  for  the  piston.  Two  oiienings  near  each 
other  are  made  through  the  case  on  opposite  sides  of  B  B,  ann  to  these  the 
suction  and  forcing  pipes  are  united.  Thus  when  the  piston  is  moved 
in  the  Erection  of  the  arrow  on  the  small  cylinder,  it  pushes  the  watet 


cup.  &.,  Rotary  Pmnpt.  989 

Mfbre  it,  and  the  Tfteuity  formed  behind  is  instantly  filled  with  fresh  por- 
dooi  driveD  up  the  suction  pipe  by  the  Btmoaphere  ;  and  when  the  |>istoii 
m  its  cwurse  iear.bcat  past  B  B  it  sweeps  this  water  up  the  same  way, 
Bramah  and  D>ck«n3cti  adopted  a  iiiodi)ica:bi>n  of  this  machine  id  1790,  an 
%  gtaaat-ea^ne  and  also  u  ^  pump.     Ra^  of  Aru,  vol.  ii,  73. 


Hk  in  Va,  IM. 

No.  136  represents  another  rotary  engine.  A  fi^re  of  it  is  inserted  ihw 
rather  because  it  was  reinvented  here  a  few  years  ago  by  a  mechanic  who 
was  greatly  diatremed  on  finding  that  he  had  trcen  anticipated.  A  notice  ol 
it  may  therefore  preront  others  from  experiencing  a  similar  disappoint- 
ment. Like  most  ethers  it  conusta  of  two  concentnc  cyliodert  or  drums, 
the  annular  space  between  them  forming  the  pump  chamber;  but  thtt 
inner  unq,  iristead  of  revolving  aa  in  the  prvcoding  figures,  is  immovable, 
being  fi.red  to  the  sides  of  the  outer  one  or  case.  The  piston  is  a  rectan- 
gular and  loose  piece  of  bnisa  or  other  metal  accuratetv  fitted  to  occupy 
uiid  move  in  the  spac;  betwecu  the  two  cylinders.  To  drive  the  piston, 
4nd  at  the  ea:ia  time  to  farm  a  hutment  between  the  orifices  of  the  induc- 
tion and  eduction  pipes,  a  third  cylinder  is  employed  to  which  a  revolving 
motion  is  imparteil  by  a  crank  and  axle  in  the  usaal  way.  This  cylinder  is 
OCceiUric  to  the  others,  and  is  of  such  a  diameter  and  thicknens  that  its  in- 
'^erior  and^sterior  S'lrfaces  touch  the  inner  and  outer  cylinders  as  repre- 
•enied  in  the  cut,  the  places  of  contact  preventing  water  from  ^assins  : 
a  alit  or  groove  equal  ii  width  to  the  thickncas  of  the  piston  is  mad« 
through  its  periphery,  into  which  slit  the  piston  is  placed.  When  turned  in 
the  direction  of  the  large  arrow,  the  water  in  the  tower  part  of  the  pump 
ia  swept  round  and  forced  U|  the  rising  pipe,  and  the  void  behind  tiio 
JMston  is  aj^n  filW  by  water  ^om  the  reservoir  iiUo  which  the  iower 
pipe  is  inserted.  This  machin  was  originally  designed,  like  moat  rotary 
putnps,  for  a  steam  engine.  It  was  patented  m  England  by  Mr.  John 
Trotter,  of  Lotidon,  in  1805,  and  is  'escribed  in  the  Repertory  of  Arta, 
vol.  ix,  2d  series.  As  a  matter  >1  -■□m  se,  he  contemplated  its  application 
to  raise  water  i—"  The  said  eneine  [he  observes}  may  he  used  to  raise 
or  give  motion  to  fluids  in  any  directiin  whatever." 

In  others  the  pistons  slide  within  a  revolving  cylinder  or  drum  that  is 
eoncentrie  with  the  exterior  one.  No.  137  is  a  specimen  of  a  French 
pump  of  this  kind.  The  hutment  in  the  form  of  a  segment  is  secured  to 
tbo  inner  circumference  of  the  case,  and  the  drum  turns  against  it  at  the 
centre  of  the  chord  line :  on  lioth  sides  of  the  place  of  contact  it  is  curved  to 
the  extremitieii  of  the  arc,  and  the  su'.king  and  forcing  pipes  comraunicUe 
37 
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with  the  pump  rhruugh  it,  as  represented  in  the  figtiTL.  To  Jie  aeotn  rf 
one  (ir  both  ends  of  the  case  is  screwed  fast  a  thick  r>;«ce  of  br***  wInm 
outline  resembles  that  of  the  letter  D:  the  flattened  aide  is  placed  towards 
the  butnipnt  and  is  ao  formed  that  the  same  distance  is  preserved  between 
it  and  tho  opposite  parts  of  the  hutment,  as  between  its  convex  a  jrfkoe  and 
the  rim  of  the  cue.  The  pistonB,  as  in  the  last  ^^re,  are  tectanefiilt!' 
pieces  of  stout  metal,  and  are  droppi,  ~  into  alila  inidei  through  the  run  <^ 
the  drum,  their  length  being  equal  to  'hat  of  iho  eajw,  and  their  width  to 
the  distance  between  its  nm  ani^  the  D  piece.  They  are  moved  by  a 
crank  attached  to  the  drum  axle.  "^3  lessen  the  fricdon  and  compensate 
for  the  weetr  of  the  butment,  that  rart  of  the  latter  against  which  the  dnun 
turns  is  sometimes  made  hollow  ;  i  piece  of  brass  is  let  into  it  and 
pressed  against  the  periphery  of  die  drum  by  a  spring. 
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In  No.  138  the  axis  of  the  drum  or  smaller  cylinder  is  so  placed  as  ro 
jaiMie  its  periiihery  to  rub  n^nst  the  mnur  circumference  of  the  case. 
Two  rectiuigular  pistons,  whose  length  are  equal  to  the  internal  diame- 
ter of  the  case,  croBB  each  other  at  right  angles,  being  notcUed  so  as  10 
allow  them  to  slide  backwards  and  forwards  to  an  extent  equal  to  the 
widest  ipace  between  the  two  cylinders.  The  case  ol'  this  pmnp  is  not 
perfectly  cylindrical,  but  of  such  a  form  that  the  four  ends  of  the  pistons 
are  always  in  contact  with  it.  An  axle  on  the  drum  is  moved  by  a  crank. 
This  pump,  and  another  similar  to  it,  were  described  in  Bramah  and 
Dickenson's  patent  for  three  rotative  fCAiffi-nr^Nm  in  1700.  Rep,  of  Arts, 
vol.  ii,  8S.     Fire  enginBg  have  been  made  on  the  same  principle. 

Another  class  of  rotary  pumos  have  their  pistons  made  Bomewhst'like 
die  vanes  of  wind  milU.  Tney  were  originallv  designed  as  stecra-encmes, 
and  were,  if  we  mistake  not,  first  introduced  by  Homblower,  in  the  latter 
part  of  the  lost  century.  He  employed  four  revolving  vanes  which  were 
so  arranged  that,  while  one  passed  edgeways  through  a  narrow  cavity 
which  it  filled,  the  opposite  one  presented  its  face  to  the  action  of  the 
•team.  These  mac'^ilnes  cave  been  variously  modified  as  pumps,  but  ge- 
nerally speaking  they  are  more  complex  and  of  course  more  liable  to  3e- 
tangement  than  others :  v.a  have  known  two  of  them,  fifteen  inches  dia- 
meter and  apparenUy  well  made,  (at  a  cost  of  150  dollats,)  which  a  &iend 
used  to  force  water  to  an  elevation  of  twenty  feet,  become  deranged,  aad 
thrown  aside  as  useless  in  the  course  of  three  or  four  weeks. 

A  centrifugal  forcing  pump  may  be  made  by  enclosing  the  arm*  of  an 
Mmospheric  one,  (such  as  represented  at  No.  95,  paf^  229,)  in  •  cloee 
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dmm  or  case,  to  which  in  ascending  or  forcing  pipe  is  attached :  the 
^water  would  rise  through  the  pipe,  provided  the  velocity  of  the  arms  was 
increased  according  to  the  elevation  of  its  discharging  orifice.  In  place  of 
tubular  arms,  two  or  more  vanes  radiating  from  a  vertical  axis  and  turned 
rapidly  in  the  case  would  produce  the  same  effect;  the  suction  pipe 
being  connected  to  the  bottom  at  the*  centre  and  the  forcing  pipe  to  the 
rim  or  the  top.  Such  pumps  are  in  their  construction  simpler  than  other 
rotary  ones,  besides  which  no  particular  accuracy  is  required  in  fitting 
their  working  parts ;  nevertheless,  they  are  as  liable  to  derangement  as 
others,  for  the  velocity  reouired  to  be  ?iven  to  the  arms  is  so  great,  that 
the  teeth  of  the  wheels  and  pinions  by  which  motion  is  transmitted  to  them 
are  soon  worn  out. 

Centrifugal  pumps  like  those  just  described  have  been  tried  as  substi- 
tutes for  paddle  wheels  of  steam-vessels :  i,  e,  the  wheels  were  con- 
verted into  such  pumps  by  inclosing  thenk  in  cases  made  air-tight,  except 
at  the  bottom  through  which  the  ends  of  the  paddles  slightly  projected  ; 
a  large  suction  pipe  proceeded  from  one  side  of  each  case  (near  its  cen- 
tre) through  the  bows  of  the  vessel  and  terminated  below  the  water  line : 
by  the  revolution  of  the  wheels  water  was  drawn  through  these  tubes  into 
the  cases  and  forcibly  ejected  below  in  the  direction  of  the  stem,  and  by 
the  reaction  moved  tiie  vessel  forward. 

It  must  not  be  supposed  that  the  preceding  observations  include  an  ac-  * 
couijt  of  ail  rotary  pumps.  We  have  only  particularized  a  few  out  of  a 
great  multitude,  such  as  mav  serve  as  types  of  the  various  classes  to  which 
they  belong.  Were  a  detailed  description  given  of  the  numerous  forms 
of  these  machines,  modes  of  operation,  devices  for  opening  and  closing  the 
valves,  moving  the  pistons,  diminishing  friction,  compensating  for  the  wear 
of  certain  parts,  for  packing  the  pistons,  d:c.  &c.,  those  readers  who  are 
not  familiar  with  their  history  would  be  surprised  at  the  ingenuity  dis- 
played, and  would  lie  apt  to  .conclude  that  all  the  sources  of  mechanical 
combinadons  had  been  exhausted  on  them.  We  would  advise  every 
mechanic  who  thinks  he  has  discovered  an  improvement  in  rotary  pumps, 
carefully  to  examine  the  Repertory  of  Arts,  the  Transactions  of  the  So- 
ciety of'  Arts,  the  London  Mechanics'  Magazine,  and  particularly  the 
Journal  of  the  Franklin  Institute  of  Pennsylvania,  before  incurring  the 
expenses  of  a*  patent,  or  those  incident  to  the  making  of  models  and 
experiments.  * 

Rotary  pumps  have  never  retained  a  permanent  place  among  machines 
for  raising  water :  they  are,  as  yet,  too  complex  and  too  easily  deranged 
to  be  adapted  for  common  use.  Theoretically  considered  they  are  per- 
fect machines,  but  the  practical  difficulties  attending  their  construction 
have  hitherto  rendered  Uiem  (like  rotary  steam  engines)  inferior  to  others. 
To  make  them  efficient,  their  working  parts  require  to  be  adjusted  to  each 
other  with  unusual  accuracy  and  care,  and  even  when  this  is  accomplished, 
their  efficiency  is,  by  the  unavoidable  wear  of  those  parts,  speedily  dimi- 
nished or  destroyed :  their  first  cost  is  greater  than  that  of  common  pumps, 
and  the  expense  of  keeping  them  in  order  exceeds  that  of  others ;  they 
cannot,  moreover,  be  repaired  by  ordinary  workmen,  since  peculiar  tools 
are  required  for  the  purpose — a  farmer  might  almost  as  well  attempt  to 
repair  a  watch  as  one  of  these  machines.  Hitherto,  a  rotary  pump  h»R 
been  like  the  Psalmist*s  emblem  of  human  life :— "  Its  days  are  as  grass, 
aa  a  flower  of  the  field  it  flourisheth,  the  wind  [of  experience]  passeth 
over  it,  and  it  is  gone,*  Were  we  inclined  to  prophecy,  we  should  pre- 
jdict  that  in  the  next  century,  as  in  the  present  one,  the  cylindrical  pump 
IV  iU  retain  ita  preeminence  over  all  others;  and  that  makers  of  the  ordi 
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lury  wooden  ones  wil'  theo,  aa  now,  defy  all  attempta  to  mpcnwde  tlM 
ohjecl  of  their  manufacture. 

Rbciprocatinq  botabt  pdmpi  : — One  of  the  obstacles  to  be  overcome 
in  making  a  rotary  pump,  ia  the  passage  of  the  piston  over  the  butmen^ 
or  over  the  space  it  occupies.  Tne  apparfftua  for  moving  the  butment  a) 
the  piston  approaches  to  or  recedes  from  it,  adda  to  the  complexity  ofihe 
machine;  nor  is  ibia  avoided  when  that  part  is  tixed,  for  a)i  equivalent 
movement  ia  then  re<juired  to  be  given  to  the  pinion  itself  in  sduitian  to 
its  ordinary  one.  In  reciprocating  rotary  pumps  these  diiBcuities  are 
avoided  by  stopping  the  piston  when  it  arnves  at  one  side  of  the  buiment 
and  then  reversing  its  motion  towo^  the  other;  hence  these  are  leas  com- 
plex than  the  former :  they  are,  however,  liable  to  some  of  the  same  objec- 
tions, being  more  expensive  than  common  pumps,  more  difKculi  to  repair, 
and  upon  the  whole  less  durable.  Their  vaneties  may  be  included  in 
two  classes  according  to  the  construction  of  the  pistons  ;  those  that  are 
furnished  with  valves  forming;  one,  and  such  as  have  none  the  other.  The 
range  of  the  pistons  in  these  pumps  varies  greatly;  in  some  the  arc  des- 
oribed  by  them  does  not  exceed  9iP,  while  m  others  they  make  nearly  a 
complete  revolution.  They  are  of  old  date,  various  modilicationa  of  them 
having  been  proposed  in  the  16th  century.  No.  139  consiata  of  a  close 
case  of  the  form  of  a  sector  of  a  circle,  having  an  opening  at  the  hottoni 
for  the  admission  of  water,  and  another  to  which  a  forcing  pipe  with  ill 
valve  is  attached.  A  movable  radius  or  piston  ia  turned  on  a  centre  by 
«  lever  as  repreaented ;  thus,  when  the  latter  is  pulled  down  towards  the 
letl,  the  former  drives  the  contents  of  the  case  urough  the  valve  in  tko 
uoeoding  pipe. 


Belidor  has  described  a  similar  pump  in  the  fitat  volume  of  hn  AkIl 
Hydraul.  379.  The  case  Is  a  larger  portion  of  a  circle  than  that  of  Na. 
139,  and  the  piston  is  furnished  with  a  valve.  A  pump  on  the  same  prin- 
ciple was  adopted  by  Bramah  as  a  fire-engine  in  1793 :  His  was  a  short 
cylinder,  to  the  movable  axle  of  which  two  piatona  were  attached  that 
extended  quite  across,  and  had  an  opening  covered  by  a  clack  in  each. 

No.  140  consists  of  a  short  horizontal  cylinder :  a  portion  of  the  lo*«f 
part  is  separated  from  the  rest  by  a  plate  where  the  suction  pipe  teniii- 
aates  in  two  openinga  tha;  are  covered  by  clacks  e  e.     The  partition  A 
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extetids  through  the  endre  lengtk  of  the  cylinder  and  is  made  air  udA 
water  dght  to  both  ends,  and  abo  to  the  plate  upon  which  its  lower  edge 
rests.  The  -upper  edge  extends  to  the  under  side  of  the  axle  to  which 
the  piston  B  is  united.  One  end  of  the  axle  is  passed  through  the  cylin- 
der  and  the  opening  made  tight  by  a  stuffing  box  ;  it  is  moved  by  a  crank 
or  lever.  Near  the  clacks  c  e  two  other  openings  are  made  through  the 
plate,  to  which  two  forcings  pipes  are  secured.  These  tubes  are  bent 
round  the  outside  of  the  cyunder  and  meet  in  the  chamber  G  where  their 
orifices  are  covered  by  clacks.  Thus  when  the  piston  is  turned  in  either 
direction,  it  drives  the  water  before  it  through  one  or  other  of  these  tubes; 
at  the  same  time  the  void  left  behind  it  is  kept  filled  by  the  pi-essure  of 
the  atmosphere  on  the  surface  of  the  liquid  in  which  the  lower  orifice  of 
the  suction  pipe  b  placed.  The  edees  of  the  pistons  are  made  to  work 
^lose  to  the  ends  and  rim  of  the  cyhnder  by  means  of  strips  of  leather 
screwed  to  them.  Modifications  ot  these  pumps  have  also  been  used  in 
England  as  fire-engines. 

Reciprocating  rotary  pumps  have  sprung  up  at  different  times  both  here 
ant]  in  Europe,  and  have  occasionally  obtained  *'  a  local  habitation  and  a 
name,"  but  nave  never  become  perfectly  domesticated,  we  beliove,  tn  any 
country.  We  have  seen  some  aesigned  for  ordinary  use  that  were  ele- 
gantly finished,  and  decorated  with  gilding  and  japan — they  resembled 
those  exotic  plants  which  require  peculiar  cai*e,  and  are  rather  for  orna- 
ment than  for  use. 

Reciprf)'  *ating  rotary  pumps  have  also  been  proposed  as  steam-enginea. 
Wat:  patented  one  in  1782.  S 
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AMLiCATion  of  pttiB|M  Ib  Bodeni  wator-woriia  s  Flrrt  matd  hj  the  Ckmaiw— Water  worlu  at  Avfi- 
Mrgh  and  Breme»-4iiifalar  android  in  the  latter  eitjr— Old  water-works  as  TuMo— At  London  bridgo 
— 4>tlMr  London  worka  moved  by  horaee,  water,  wind  and  steam— Water  enfine  at  Exeter— Water 
wnrks  erected  on  Pont  Nnnf  and  Pont  Notre  Dame  at  Paria— Celebrated  worki  at  Marli— £rror  of  Ran* 
Bequin  in  making  th^te  ilnneceaearily  complex.  American  water>worka :  A  birtnrj  of  tbem  dot irablo-* 
Incrodnction  of  pumpa  into  wells  in  New-York  dty— Bxiraets  from  tlie  minutes  of  the  Common  Conncll 
pnvtom  to  the  war  of  Independence-Public  water-works  proposed  and  commenced  in  1T74— Tree- 
•vry  notes  iasned  to  meet  the  expenao— Copy  of  one— Manhattan  Company— Water*works  at  Tvir 
llMint.  Phttndelphia. 

Before  noticing  another  .and  a  different  class  of  machines^  we  propose 
to  occupy  this  and  the  two  next  chapters  with  observations  on  the  em- 
ployment of  pumps  in  "  water-works,"  and  as  engines  to  extinguish  fires 
-^•both  in  this  country  and  in  Europe. 

The  hydraulic  machinery  for  supplying  modem  cities  with  water  gene- 
rally consists  of  a  series  of  forcing  pumps  very  similar  to  the  machine  of 
Ctesibius,  (No.  120 ;)  and  when  employed  to  raise  water  from  rapid 
streams,  or  where  from  tides  or  dams  a  sufficient  current  can  be  obtained, 
are  worked  like  it  by  under  or  by  overshot  wheels.  An  account  of  old 
European  water- works  is  an  important  desideratum,  for  it  would  throw 
light  on  the  history  of  pumps  in  the  middle  ages,  during  which  little  or 
nothing  respecting  them  is  known.  The  older  cities  of  Germany  were  the 
first  in  modern  days  that  ado])ted  them  to  raise  water  for  public  purposcfs 
but  of  their  construction,  materials,  and  application  undet  various  circum 
«liicoo»,  we  have  no  information  in  detail.     Rivius,  in  his  Commentary  on 
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the  machine  ofCtesibins,  speaks  of  pumps  worked  by  wa-'or  wheels  as 
then  comm  ,••,  (A.  D.  1548  )  The  hydraulic  engines  at  Augiimrgk  were 
at  one  linie  greatly  celebrated.  They  are  mentioned,  but  not  deerribed, 
by  Misson  and  other  travelers  -if  the  17th  century.  They  raised  the  water 
130  feet.  Blainville,  in  1705,  speaks  of  them  as  among  the  curiosities  of 
the  city.  He  observes — "  The  towers  which  furnish  water  to  thw  city  are 
also  r  unous.  They  are  near  the  gate  called  the  Red  Part,  npon  a  branch 
of  thi;  LfCcL  N^hich  runs  through  the  city.  Mills  which  ^o  day  abd  nighf, 
by  means  of  this  torrent,  wc.  k  a  great  many  pumps,  which  raise  water  m 
la];ge  leaden  pipes  to  the  highest  story  in  these  towers.  In  the  middle  of 
a  chamber  on  each  of  them,  which  is  very  neatly  and  handsornely  ceil- 
Ing'cJ,  is  a  reservoir  of  a  hexagonal  Bgure,  into  which  the  water  is  carried 
by  a  large  pipe,  the  extremity  of  which  is  made  like  a  dolphin,  and  through 
an  urn  or  vase  held  by  a  statue  sitting  in  the  middle  of  the  reservoir. 
One  of  these  towers  sends  water  to  all  the  public  fountains  by  smaller 
pipes,  and  the  thi^ee  others  supply  with  water  a  thousand  houses  m  the 
city  ;  each  of  which  pays  about  eight  crowns  yearly,  and  receives  a  hun- 
di-ed  niid  twenty  pretty  large  measures  of  water  every  hour."  Travels, 
vol.  I,  "260.  Misson's  Travels,  5  ed.  vol.  i,  137. 

Contemporary  with  the  engines  at  Augsburgh  was  one  at  Bremen  that 
is  mentioned  by  several  ^iiiters  of  the  17th  century.  It  was  erected  on 
.ore  of  the  bridges  and  moved  by  a  water  wheel :  it  raised  water  into  a 
reservoir  at  a  considerable  elevation,  whence  the  liquid  wos  d  stributed 
to  €iK  odils  of  the  city.  An  old  author  when  speaking  of  it,  mentions  an 
android  in  Bremen,  as]>ecies  of  mechanism  for  which  the  Gettmrns  were 
at  one  time  famous.  At  the  entrance  of  the  arsenal,  lie  observes,  '*  stands 
the  figure  of  a  warrior  arm*d  cap-a-pe,  who,  by  mechanism  under  the 
ateps,  as  soon  as  you  tread  on  them,  lifts  up  the  bever  of  his  helmet  with 
his  truncheon  to  salute  you." 

There  was  also  a  celebrated  water-engine  at  Toledo,  the  former  capital 
of  Span.  It  **aised  the  water  of  the  Tagus  to  the  top  of  the  Alcazar,  a 
magnificent  palace  erected  on  the  summit  of  the  declivity  on  which  the  city 

built ;  the  elevation  })eing  "  five  hundred  cubits  from  the  surface  of  tlie 
river."  "Uliat  the  particular  construction  of  this  machine  was  we  have 
not  been  able  to  ascertain,  nor  whether  it  was  originally  erected  by  the 
Moors  who  built  the  palace.  It  is  mentioned  by  Moreri  as  a  "wonderful 
hydraulic  engine  which  draws  up  the  water  from  the  river  Tagus  to  so 
e^eat  a  height,  that  it  is  thence  conveyed  in  pipes  to  the  whole  city ;"  but 
m  the  middle  of  the  last  century  (1751)  the  author  of  the  Grand  (rasetteer, 
or  Topographic  Dictionary,  remarks  (page  1289)  that  this  "  admirable 
engine"  was  then  **  entirely  ruined." 

The  introduction  of  pump  engines  into  the  public  water- works  of  Eng- 
land and  France  is  sufficiently  ascertained.  This  did  not  take  place  till 
long  after  they  had  been  employed  in  Germany ;  and  both  London  and 
Pans  were  indebted  to  engineers  of  that  country  for  the  first  machines  to 
raise  water  from  the  Thames  and  the  Seine,  rr^vious  to  their  introduc- 
dbn,  cities  Wf^re  commonly  supplied  from  springs  by  means  of  pipes.  As 
early  as  A.  D.  1236,  the  corporation  of  London  commenced  to  lay  a  six 
inch  leaden  pipe  from  some  springs  at  Tyburn,  a  village  at  that  time  some 
miles  distant  from  the  city.  This  is  supposed  to  have  been  the  first  at- 
tempt to  convey  water  to  that  city  through  p^tes,  and  fifty  years  elapsed 
before  the  whole  was  completed^  These  pipes  were  formed  of  sheet  lead 
and  the  seams  were  soldered :  part  of  them  was  accidentally  discovered 
in  1745  while  ma](ing  some  excavtirinrs,  ami  another  portion  in  1 765.  ( Lon- 
don Mag.  for  1765,  p.  377.)     In  1439  the  abbot  of  Westminster,  in  whom 
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tike  right  of  the  soil  was  vested,  granted  **  to  Roliert  Large  the  mayor  and 
citizens  of  London,  and  their  successors,  one  head  [reservoir]  of  water, 
containing  twenty-six  perches  in  length  and  one  in  brcadfh,  together  with 
all  its  springs  in  the  manor  of  Paddington :  in  consideration  of  which 
ffrant,  .the  city  is  for  ever  to  pay  to  the  said  abljot  or  his  successors,  at  the 
wast  of  St.  Peter,  two  pepper  conuP  This  grant  was  confirmed  by  Henry 
VI,  who  at  the  same  time  authorized  the  mayor  and  citizens,  by  a  writ  of 
the  privy  seal,  to  purchase  two  hundred  fothers  of  lead  '*  for  the  intended 
works  of  pipes  and  conduits,  and  to  imprtu  plumbers  and  labourers." 
Maitland's  Hist,  of  London,  pp.  48,  107. 

In  the  33d  year  of  Henry  V  III,  the  mayor  of  tlie  city  of  Glocatier^  with 
the  dean  of  the  church  there,  were  authorized  to  **  convey  water  in  pipes 
of  lead,  gutters  and  trenches"  from  a  neighbouring  hill,  *'  satisfying  the 
owners  of  the  ground  there  for  the  digging  thereof."*  Li*  the  following 
year,  the  mayor  and  bnfgesses  of  Pooh  were  auihoriz(;d  to  erect  a  wind 
mill  on  the  king*s  waste  ground,  and  a  conduit  head  sixteen  feet  square, 
"  and  to  dig  and  draw  [water]  in,  by,  through  and  upon  all  places  meet 
and  convenient,  into  and  from  the  same,  &c.— yielding  yearly  to  the  king 
and  his  heirs  one  pepper  com."^  It  would  appear  that  the  ivservoir  was  in 
too  low  a  situation  for  its  contents  to  flow  tlirough  pipes  to  the  town,  and 
hence  the  wind  mill  to  raise  it  sufRciently  for  that  purpose.  The  machine 
used  was  probably  the  chain  of  pots,  which,  as  remarked  page  135,  was  at 
tliat  time  often  employed  in  such  cases.  In  the  35th  of  Henry  VIII,  the 
corporation  of  London  was  authorized  to  draw  water  through  pipes  from 
various  villages  and  other  places  within  five  miles  of  the  city,  and  for  this 
purpose  to  enter  any  grounds  not  enclosed  with  *'  stone,  brick  or  mud 
walls,  and  there  to  dig  pits,  trenches  and  ditches ;  to  erect  heads,  la^ 
pipes,  and  make  vaults  and  stupiraU,**  he.  Two  years  afterwards,  (A.  D 
1546,)  a  law  was  passed  by  which  those  who  destroyed  conduit  heads  and 
pipes,  w^re  put  to  death.*  In  1547,  William  Lamb  conveyed  water  in  a 
leaden  pipe  trom  a  conduit  or  spring,  which  still  bears  his  namc.^ 

In  1582,  the  first  pump  machines  were  used  in  London.  In  that  year 
Peter  Maurice,  a  Grerman  engineer,  pro]>08ed  to  erect  a  machine  on  the 
Thames  for  the  more  effectual  supply  of  the  city,  "  which  being  approved 
of,  he  erected  the  same  in  the  river  near  London  bridge,  which  by  suction 
and  pressure,  through  pumps  and  valves,  raised  water  to  such  a  height  as 
to  supiply  the  uppermost  rooms  of  the  loftiest  buildings,  in  the  highest 
part  *yi  die  city  therewith,  to  the  great  admiration  of  all.  This  curious 
machrAo.  thefirU  qftJie  kind  that  ever  wcu  seen  in  England^  was  so  highly 
approved  of,  that  the  lord  mayor  and  common  council,  as  an  encourage* 
meiit  lor  the  ingenious  engineer  to  proceed  in  so  useful  an  undertaking, 
granted  him  the  use  of  one  of  the  arches  of  London  bridge  to  place  his 
engine  in,  for  the  better  working  thereof."*  Maurice's  engine  consisted 
of  a  series  of  forcing  pumps  (similar  to  Nos.  118  and  121)  seven  inches  in 
diameter,  and  the  pistons  had  a  stroke  of  thirty  inches;  they  were  worked 
by  an  undershot  wheel  tha:^  was  placed  under  one  of  die  arches  and 
turned  by  the  current,  during  the  rise  and  fall  of  the  tide ;  the  water 
was  raised  to  an  elevation  of  120  feet.  The  number  of  pumps  and  wheels 
was  subsequendy  increased ;  but  in  1822,  when  the  old  bridge  was  taken 
down,  the  whole  were  removed.'^ 

Two  years  before  Maurice  undertook  to  raise  water  from  the  Thames, 
Stow  says—"  One  Russel  proposed  to  bring  water  from  Isle  worth,  viz  x 

•  Statates  at  large.  Lon.  1681.    ^  Toic.    « Ibid.    ^  Maiiland,  158.    •  Ibid.  160. 

*  \  deaeription  of  the  Londaa  Bridge  Water-warkii,  by  Beighton,  may  be  seen  in  die 
JPIuloa.  Trans,  vol.  vi,  3^,  and  in  Deraguliera*  Pbiios.  ii.  41^6. 
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die  river  Uxbridge  to  the  said  north  of  London ;  and  that  I  y  a 
iautrument :  he  propounded  the  invention  to  Lord  Burleigh."  Li  1694, 
Bevis  Bulmer,  an  English  engineer,  undertook  to  supply  a  small  district 
of  the  city  with  Tliames  water,  which  he  raised  by  four  pumps  that  were 
worked  by  horses.  They  were  continued  in  use  till  the  time  diat  Mait- 
land  commenced  his  history,  viz :  to  1725.  The  pumps  of  other  London 
works  were  moved  by  horses,  by  wind  mills,  and  others  by  the  current 
of  the  common  sewer.*  About  the  year  1767,  one  of  Newcomen's  steam* 
engines  was  erected  at  the  London  bridge  works  to  raise  water  at  neap 
tides,  and  also  as  a  security  against  fire  during  the  turning  of  the  tide, 
when  the  wheels  were  consequently  at  rest.  A  company  was  incorpo- 
rated in  1691  to  supply  the  neighbourhood  of  York  Buildings  with  Thames 
water:  Newcomen's  engines  were  employed;  and  the  pumps  had  solid 
plungers,  one  of  which  we  have  figm*ed  and  described  at  page  272^- 
Maitland  enumerates  them  among  other  causes  of  the  company's  embarrass- 
ments :  "  the  directors,  by  purchasing  estates,  erecting  new  water- works 
[new  machines  for  raising  water]  and  other  pernicious  projects,  have  almost 
ruined  the  corporation;  however,  their  chargeable  engines  for  raising 
water  by  fire,  being  laid  asidet  they  continue  to  work  that  of  horses,  which, 
together  with  their  estates  in  England  and  Scotland,  may  in  time  restore 
the  company's  affairs."*^  A  figure  of  this  chargeable  engine  is  inserted  in 
the  second  volume  of  La  Motraye's  Travels. 

The  author  of  the  Grand  Grazetteer,  a  folio  of  nearly  1500  pages,  pub- 
lished in  1751,  was  a  native  of  Exeter,  on  which  account  he  excuses  him- 
self for  describing  that  city  at  large ;  after  mendoning  some  ancient  con- 
duits he  observes : — "  this  city  is  otherwise  well  watered,  and  not  only  by 
most  houses  of  note  having  wells  and  pumps  of  their  own,  but  by  the  river 
water  being  forced  by  a  Curious  water-engine^  through  pipes  of  bored  trees 
laid  under  ground,  even  up  to  the  very  steep  hill  at  Northgate  Street ; 
and  then  by  pipes  of  lead  into  the  houses  of  such  inhabitants  as  pay  a  veiy 
moderate  price  for  such  benefit.  The  said  water  house  and  engine  were 
begun  about  Anno.  1694."  This  extract  shows  that  at  the  close  of  the  17tfa 
century,  such  works  were  not  very  common  in  English  cities:  of  this  there 
are  numerous  indications :  thus  at  Norwich  "  the  water-woriis  at  the  new 
mills  were  undertaken  in  1697,  apd  completed  in  about  two  years."* 

During  the  reign  of  Henry  IV  of  France,  John  Lintlaer,  a  Fleming, 
erected  an  engine  consisting  of  lifting  pumps  (such  as  No.  125)  at  the  Pont 
Neuf  which  were  worked  by  the  current  of  the  Seine.  The  water  was 
raised  above  the  bridge  and  conveyed  in  pipes  to  the  Louvre  and  Tuille* 
ries.  This  engine  received  the  appellation  ol  The  Samariianf  from  bronse 
figures  of  Christ  and  the  woman  of  Samaria,  which  decorated  the  front  of 
the  building  in  which  it  was  enclosed.  The  success  that  attended  this 
experiment,  led  to  the  erection  of  similar  engines  at  Pont  Notre  Dame,  a 
figure  of  one  of  the  pumps  of  which  is  inserted  at  page  277. 

The  most  elaborate  machine  ever  constructed  for  raising  water  was 
probably  the  famous  one  at  Marli^  near  Paris,  >lbr  supplying  the  pubHc 
gardens  at  Versailles  from  the  Seine.  It  was  dcsigneu  oy  Kannequin,  a 
Dutch  engineer,  and  set  to  work  in  1682<,  at  a  cost  of  eight  millions  of 
livres — about  a  million  and  half  of  dollars.'  We  are  not  aware  that  any 
description  of  it  in  detail  was  ever  published  till  Belidor  inserted  a  short 
account  in  the  second  volume  of  hu  Architecture  Hydraulique  in  1739  ; 
and  such  was  it»  magnitude*  and  the  multiplicity  of  its  parts,  that  he 


»  Maitland,  pp.  622,  628.    ^  Ibid  634.    «  No^<bJL  Tour,    Norwich.  1796. 
'  Deiagnliers  layi  **  nghl§  miUioDS,  about  four  miUioni  of  pounds  ■ttrhof,*'  bat 
Bolidor  mb  ooly  ei'gfat. 
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fer  a  long  time  unwilling  to  undertake  its  elucidation,  on  account  of  the 
difficulty  of  describing  it  with  sufficient  precision.  Its  general  features 
may  be  sketched  in  a  f^pw  words,  but  a  volume  of  letter- press  and  another 
of  plates,  would  be  required  to  explain  and  delineate  the  whole  minutely. 

The  reservoir  or  head  of  the  aqueduct,  into  which  water  from  the 
Seine  was  raised  by  this  machine,  was  constructe<l  on  the  top  of  a  hill, 
614  toises,  or  three  quarters  of  a  mile,  from  the  river,  and  at  an  elevation 
of  533  feet  (English)  above  it.  To  obtain  a  sutHcicnt  motive  power,  the 
river  was  barred  up  by  a  dam,  and  its  whole  width  divided,  by  piles,  into 
fourteen  distinct  water  courses,  into  each  of  which  a  large  undershot  wheel 
was  erected.  The  wheels,  by  means  of  cranks  attached  to  both  ends  of 
tlteir  axles,  imparted  motion  to  a  number  of  vibrating  levers,  and  through 
these  to  the  piston  rods  of  between  200  and  300  sucking  and  foi*cing 
pumps  !  The  pumps  were  divided  into  three  separate  sets.  The  first  con- 
tained 64,  which  were  placed  near  the  river,  and  were  worked  by  six  of 
the  wheels :  they  drew  the  water,  by  short  suction  pip?8,'out  of  ♦lie  river 
and  forced  it  through  iron  pipes,  up  the  hill ;  but  instead  of  these  pipes 
being  continued,  directly  to  the  reservoir,  (which  might  have  been  done 
by  making  them  and  the  machinery  of  sufficient  8ti*ength,)  Rannequir 
made  them  terminate  in  a  large  cistern,  built  for  the  ]>urpo9e,  at  the  dis 
tance  from  the  river  of  100  fathoms  only,  and  at  an  elevation  of  about  160 
feet.  In  this  cistern  he  then  placed  79  other  pumps  (the  second  set)  to 
force  tlie  water  thence  to  another  cistern  224  fathoms  further  up  the  hill, 
and  at  an  elevation  of  18«5  feet  above  the  other.  In  this  last  cistern  82 
pumps  more  (the  third  set)  were  fixed,  which  forced  the  contents  to  the 
retorvoir. 

In  thus  dividing  the  work,  Rannequin  made  a  mistake  for  which  no  in- 
genuity could  compensate  :  as  the  second  and  thii-d  sets  of  pumps  con- 
taining no  less  than  one  hundred  and  nxty-one,  with  all  the  appnratus  for 
working  them,  merely  transferred  through  a  part  of  the  distance,  the  water 
which  the  first  set  drew  directly  from  the  river,  they  were  m  reality  un- 
necessary, because  the  first  set  might  have  been  made  to  force  it  through 
the  whole  distance ;  hence  they  not  only  uselessly  consumed  (at  least) 
four  fifths  of  iJie  power  employed,  but  they  rendered  the  whole  mass  of 
machinery  coinbetisome  and  complicated  in  the  highest  degree  ;  and  con- 
sequently extremely  inefficient,  and  subject  to  continual  repairs.  The 
first  set^of  pumps,  as  already  observed,  were  worked  by  the  wheels  near 
"which  they  were  placed,  and  the  remaining  wheels  imparted  motion  to 
the  piston  rods  of  the  second  and  third  sets,  in  the  two  cisterns  on  the  hill : 
o£  these,  iicrcfore,  eighty-two  pumps  were  stationed  at  an  elevation  of 
upwards  of  three  hundred  feet  above  the  power  that  wr#ked  them ;  and 
nearly  kaJf  a  mile  from  it  !  and  seventy-nine  were  one  hundred  fathoms 
from  the  wheel,  and  160  feet  above  them!  To  work  these  pumps,  a  num- 
ber of  chai'hi^  or  jointed  iron  rods,  were  extended  on  frames  above  the 
'm>und,  all  the  way  from  the  cranks  on  the  water  wheels  in  the  river  to 
both  cisterns,  where  they  were  connected  to  the  vibrating  beams  to  which 
the  piston  rods  were  attached.  It  was  the  transmission  of  power  to  such 
elevations  and  extraordinary  distances  by  these  clivtiris.  that  acquired  for 
the  machine  the  title  of  **  a  monument  of  ignorance. 

A  writer  in  the  Penny  Magazine  (vol  iv,  page  240)  who  examined  the 
machine  in  1815,  says  the  sound  of  these  rods  Working  vrn»  lilce  that  of  a 
number  of  wagons  locxled  with  bars  of  iron  running  down  a  hill  with 
axles  never  greased.  The  creaking  and  clanking  (he  observes)  must  have 
convinced  the  most  ignorant  person  that  the  expenditure  of  power  wad 
enoriKiously  beyond  what  was  required  for  the  purpose  effected.     It  has 
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been  estiixMtecl  that  95  per  cent  of  the  power  was  expended  in  coniinuni« 
eating  motion  to  the  apparatus !  • 

The  evil  of  working  the  pumps  with  shafts  and  cliains  at  such  great 
distances  from  the  power,  was  seen  a  few  years  after  the  nuichine  was 
completed.  In  1738  an  attempt  was  made  by  M.  Camus  '^o  raise  the 
water  to  the  reservoir  by  a  single  lift.  The  Qftempt  succeeded  but  par- 
tially, and  the  machine  was  much  etrninod  by  tlie  extraordinary  effort, 
chiefly  becauso  only  a  small  portioi;  of  the  power  was  used ,  vi7  :  those 
wheels  that  raised  the  water  into  tlio  first  cistern;  the  others  which  moved 
the  shafts  and  chains  abovementioned,  not  being  applicable  for  the  pur- 
pose. But  even  this  comparatively  small  power  forced  the  water  to  th«» 
rese-7oir,  and  thus  demonstrated  the  practicability  of  completing  the  work 
at  ^ne  ^hrow,  if  the  whole  apparatus  had  been  adapted  accordingly.  No- 
thing more  was  done  for  nearly  forty  years,  and  the  machine  proceeded 
as  U^fore  till  1775,  when  another  triaJ  was  made  to  i-aise  the  water  only 
to  the  6eooi:d  cistern :  this  succeeded,  and  it  was  then  hoped  that  the  first 
cistci-n  would  be  dispensed  with ;  but  many  of  the  old  pipes  burst  fi*om 
the  undue  strain  upon  them,  Rnancial  difficulties  impeded  their  renewal, 
and  the  old  plan  was  once  more  resorted  to.  The  water  wheels  at  last 
fell  into  decay  and  were  replaced  by  a  steam  engine,  of  sixty -four  horse 
power,  by  order  of  Napoleon;  but  the  old  shafts,  chains,  pipes  and  cisterns, 
€zc,  still  remain. 

We  have  mentioned  only  225  pumps,  but  there  were  in  all  upwards  of 
250 ;  some  being  feeders  to  others,  and  to  keep  water  always  over  the 
pistons  of  those  near  the  river.  As  each  pump  had  two  valves,  an  im- 
mense quantity  of  water  must  have  escaped  at  every  stroke  on  the  open- 
ing and  closing  of  500  of  lliese ;  to  which  may  be  added  that  which  leaked 
past  the  leathers  or  packing  of  the  pistons,  and  through  the  innumerable 
joints.  The  64  pumps  near  the  river  were  placed  in  a  perpendicular  posi- 
tion and  had  solid  pistons.  They  resembled  No.  118,  except  that  the  suck- 
ing as  well  as  forcing  pipes  were  united  to  the  sides  of  tlio  cylinders : 
those  in  the  cisterns  had  hollow  pistons,  and  the  cylinders  woi*c  inverted 
and  immersed  in  the  water  :  one  of  them  is  represented  at  No.  1S6. 

Asi ERICA N  WATER-WORKS. — A  history  of  these  is  desirable  and  is  cer- 
tainly due  to  posterity.  There  are  circumstances  connected  with  their 
origin,  plans,  progress  and  execution,  especially  in. the  older  cities  of  the 
Union,  o:?  Mexico  and  the  Canadas,  that  ought  to  be  preserA'ed.  An  ac- 
count of  them  would  be  useful  to  future  engineers,  and,  as  a  record  of  his- 
torical and  statistical  facts,  would  include  matter  of  general  iuici*cst  in  com- 
ing times.  The  circumstances  attending  the  Erst  use  of  pumps  and  lire- 
engines,  Sec.  m(^  HOW  be  deemed  too  trifling  to  deserve  particular  notice, 
but  they  will  incraase  in  interest  as  dme  grows  older.  When  the  destiny 
that  awaits  the  republic  is  accomplished — when  the  continent  becomes 
studded  with  cities  from  one  ocean  to  the  other,  and  cixaiization,  science 
and  self  government  pervade  the  whole,  t?ien  every  incident  relating  to  the. 
early  cultivation  of  the  useful  arts  and  improvements  of  machinery  will  be 
sought  for  with  avidity  and  be  dwelt  upon  with  delight.  Why  should  not 
the  introduction  of  the  most  useful  materials,  manufactures  andimjdenients 
into  this  mighty  continent  form  episodes  in  its  history,  as  well  as  the 
fleece,  the  auger,  saw,  or  bellows  in  that  of  classic  Greece  t  And  why 
should  not  the  names  of  those  persons  be  preser\'ed  from  oblivion  who 
here  made  the  first  punip  and  fire-engine,  the  flrst  cog  wheel  and  steam- 
engine— ^vho  built  the  tirst  ship,  forged  the  first  anchor,  erected  the  first 
saw.  slitting,  or  gi^isl  mill — who  made  the  first  plough,  grew  the  first  wheat, 
L*d  the  first  silk,  wove  the  first  web,  cast  the  first  type,  made  thn  first 
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paper,  printed  the  first  book,  &c  &c.  t  It  U  such  men  at  these  and  their 
successors,  that  found,  strengthen  and  enrich  a  nation — who,  without  or- 
ientation or  parade,  promote  its  real  independence — men,  whose  labors 
should  be  mentioned  m  the  national  archives  with  honor,  and  whose  sta- 
tues and  portraits  should  occupy  the  niches  and  panels  of  the  capitol. 

The  precise  time  when  pumps  were  first  introduced  into  New- York  is 
uncertain.  This  city,  as  is  well  known,  was  founded  by  the  Dutch  in  1614, 
who  gave  it  the  appellation  of  New- Amsterdam,  and^to  the  colony  that  of 
New-Netherlands ;  names  that  were  continued  fflfthe  British,  in  16G4, 
took  possession  of  both  and  imposed  the  present  ones.  •  In  examining  the 
manuscript  Dutch  records  in  the  office  of  the  clerk  of  the  Common  Coun- 
cil :  (a  volume  of  which  including  the  period  that  extends  from  May  29, 
1647..  to  1601,  has  been  translated,)  we  have  not  met  w^ith  any  reference 
to  pumps,  either  in  wells  or  as  fire-engines.  In  the  first  volume  of  "  Mi* 
nutes  of  the  Common  Council**  (in  manuscript)  which  embraces  the  trans- 
actions from  October  1675  to  October  1691,  are  several  ordinances  relating 
to  tpelU,  but  no  mention  is  made  of  pumps  or  other  devices  by  which  the 
water  was  raised.  In  the  second  volume  under  the  date  of  August  31, 1694, 
a  resolution  directed  that  "  the  public  wells  within  the  city  be  repaired  as 
formerly."  From  the  following  extract  it  appears  that  the  water  was 
raised  by  a  cord  and  bucket,  a  windlass,  or  a  swa{)e:  September  24, 1700, 
"  Ordered  that  the  neighbourhood  that  live  adjacent  to  the  king's  farm 
and  Jiave  benefit  of  the  public  well  there  built,  do  contribute  to  the  charge 
thereof  in  proportion,  or  else  be  debarred  from  drawing  water  there." 

In  the  third  volume,  containing  minutes  from  February  1702  to  March 
1722,  arc  notices  respecting  wells  to  be  dug  and  others  to  be  fifled  up,  but 
nothing  is  said  respecting  pumps  being  placed  in  any.  'J'he  same  remark 
applies  to  the  fourth  volume,  including  a  period  of  eighteen  years,  viz : 
from  April  17  "22  to  September  1740 ;  and  yet  it  would  seem  that  pumps 
were  at  this  last  dote  used  in  some  of  the  public  wells,  for  in  the  fifth 
volume  under  the  dat<5  of  October  25, 1741,  they  are  referred  to  in  a  "draft 
of  a  bill  for  mending  and  keeping  in  repair  the  public  wells  and  pumps  in 
this  city ;"  and  again  November  8,  1752,  a  bill  was  before  the  corporation 
**  for  keeping  in  repair  the  public  wells  and  pvmp8;  and  January  10, 1769, 
two  hundred  pounas  [were]  ordered  to  be  raised  '*  for  mending  and  keeping 
iu  repair  the  public  wells  and  pumps."  The  prebise  period  when  pumps 
were  first  introduced  is  therefore  uncertain ;  but  from  the  language  of  the 
minute  of  October  1741,  it  would  appear  that  they  had  then  been  some 
time  i*::.  use  in  public  wells ;  and  from  another  minute  in  the  same  volume, 
in  prihj^ie  wells  also,  for  it  was  ordered  that  ■*  the  pump"  of  an  individual 
^ould  be  deemed  a  public  one  and  kept  in  repair  at  the  public  expense, 
<Hi  an  aoplication  to  that  effect  being  made  by  the  owner. 

From  the  rapif?  growth  of  the  city*  the  number  of  wells  was  increased, 
98  now,  every  year,  and  in  1774  measures  were  taken  to  insure  a  more 
abundant  supply  from  a  large  well  in  the  Collect,  the  water  to  be  raised 
by  machinery  and  distributed  through  the  city  in  wooden  pipes.  On  the 
^id  April  of  that  year,  -Christopher  Coles  proposed  to  the  corporation 
"  to  erect  a  reservoir  and  to  convey  water  through  the  several  streets  of 
this  city."  The  proposition  was  subsequently  approved  oC  and  Mr.  Coles 
directed  "  to  enlarge  the  well  and  proceed."  A  committee  was  appointed 
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to  assist  him  and  to  superintend  the  works,  and  several  contracts  were 
made  for  materials.  To  meet  the  expense  «€2500  in  treasury  notes  were 
ordered  to  be  issued,  and  subsequently  fiirther  amounts  were  printed  and 
issued.  One  of  the  small  notes  is  now  in  the  possession  of  John  Losier, 
Esq., -superintendent  of  the  Manhattan  water- works,  and  is  in  these  words: 

NEW-YORK    WATER-WORKS, 

No.  3848. 
Tku  noU  skaU  entiOe  the  bearer  to  tJu  turn  of  TWO  SHILLINGS, 
etarrent  money  of  ike  colony  of  New- York,  payable  on  demand,  by  tk^ 
Mayor,  Aldermen  and  Commonalty  of  the  city  of  New-  York,  at  the  office 
rfchamherlain  of  the  said  city,  pursuant  to  a  vote  of  the  said  Mayor,  Al- 
dermen and  Commonalty  of  this  date.  Dated  the  sxonii  day  qfAugusi,tke 
year  of  our  Lord  one  thousand  seven  hundred  and  seventy -Jive* 

By  order  of  the  Corporation^  Wm.  Wadobll, 

ii  «•  J.  H.  Cruger. 

It  appears  that  the  well  (near  White  street)  was  enlarged,  and  e.  reser* 
voir  buut,  but  no  pipes  were  laid  nor  machinery  to  raise  water  erected 
before  the  war  broke  out  and  put  a  stop  to  the  work.  The  project  was 
not  again  revived  till  1797,  when  the  Manhattan  Company  was  incorpo- 
rated :  the  present  wells  were  then  made  and  the  water  raised  by  three 
or  four  common  forcing  pumps,  worked  by  horses.  These  pumps  railed 
the  water  by  atmospheric  pressure  twenty-Bve  feet,  and  forced  it  forty 
feet  higher,^into  a  reservoir  in  the  Park  where  the  post  office  is  now  (1840) 
located.  In  1804  the  pumps  were  replaced  by  two  double  acting  ones 
(No.  12£)  fifteen  inches  in  diameter  and  with  a  stroke  of  four  feet.  They 
were  and  still  are  worked  by  one  of  Watt's  steam-engines.  The  water 
is  raised  to  the  same  elevation  as  before.  These  works  will  probably 
be  discontinued  as  soon  as  the  Croton  aqueduct,  now  being  constructed, 
is  finished  * 

The  first  water-works  of  Philadelphia  were  commenced  in  1799,  and 
consisted  of  foreing  pumps,  worked  by  steam-engines  which  raised  water 
from  the  Schuylkill  into  a  reservoir  constructed,  at  an  elevation  of  50  feet, 
on  the  banks  of  that  river  ;  and  from  which  it  was  conveyed  to  the  city 
in  pipes  of  bored  logs.  '  In  1811  the  "  city  councils"  appointed  a  com- 
mittee to  devise  means  for  procuring  a  more  perfect  supply  than  Hieoe 
works  afforded  :  and  shortly  after  it  was  determined  to  erect  two  steam- 
eneines  and  pumps  on  another  location,  viz :  at  Fair  Mount,  two  miles 
and  a  half  from  the  city,  and  near  the  upper  bridge  that  crosses  ths  Schuyl- 
kill. A  reservoir  318  feet  in  length,  167  in  width,  and  10  in  depth,  was 
made  at  an  elevation  of  98  feet,  into  which  the  pumps  forced  water  from 
the  river. 

Tho  great  expense  attending  the  employment  of  steam-engines  led  to 
the  adoption  (in  1819)  of  water  as  the  moving  power.  A  dam  was  erected, 
and  in  1822  three  water  wheels  were  put  in  operation ;  these,  by  cranks 
on  their  axles  imparted  motion  through  a  connecting  rod  to  the  pistons  of 
the  primps.  In  addition  to  the  water  consumed  in  turning  these  wheels, 
a  surplus  remained  to  work  five  additional  ones,  whenever  the  wants  of 
the  city  mi^ht  require  them.  An  additional  reservoir  was  also  made, 
which  contains  four  millions  of  gallons.  The  water  in  both  is  102  feet 
above  low  tide,  and  56  above  the  highest  ground  in  the  city.  Iron  pipes 
were  also  substituted  for  the  old  wooden  ones.  The  whole  was  executed 
under  the  directions  of  F.  Graff,  Esq. 

We  took  the  opportunity  while  at  Philadelphia  in  October  of  the  pro* 
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tent  year  (1840)  to  visit  Fair  Mourl  Six  breast  wheels  (15  feet  long  and 
16  feet  in  diameter)  were  in  o|)eration ;  each,  by  a  crank  on  one  end  of 
**'a  axle,  communicating  motion  to  the  piston  rod  of  a  single  pump.*  The 
tiumps  are  double  acting,  the  same  as  figured  and  described  at  page  271. 
riiey  are  placed  a  little  below  the  axles  of  the  wheels  and  in  nearly  a  ho* 
rizontal  position.  The  cylinders  are  16  inches  diameter;  and,  that  the 
water  may  not  be  pinched  in  its  passage  into  an^  escape  from  them,-  tlie 
induction  and  eduction  pipes  are  of  the  same  bore;  and  all  angles  or 
abrupt  changes  in  their  direction  and  those  of -the  mains  are  avoided.  The 
stroke  of  two  or  three  of  the  pumps  was  four  feet,  and  their  wheels  made 
fourteen  revolutions  per  minute :  the  others  had  a  stroke  of  five  feet  ten 
inches,  and  the  wheels  performed  eleven  revolutions  in  a  minute,  conse- 
quently the  contents  of  the  cylinders  of  the  latter  were  emptied  into  the 
reservoirs  twenty-two  times  in  the  same  period,  and  those  of  the  former 
twenty-eight  times.  The  cylinders  are  fed  under  a  head  of  water  from 
the  fore  bays  and  they  force  it  to  an  elevation  of  96  feet,  through  a  dis- 
tance of  290.     An  air  chamber  is  adapted  to  each. 

It  is  impossible  to  examine  these  works  without  paying  homage  to  the 
science  and  skill  displayed  in  their  design  and  execution ;  in  these  res- 
pects no  hydraulic  works  in  tlie  Union  can  compete,  nor  do  we  believe 
they  are  excelled  by  any  in  the  world.  Not  the  smallest  leak  in  any  of 
the  joints  was  discovered  ;  and,  with  the  exception  of  the  water  rushing 
on  the  wheels,  the  whole  operation  of  forcing  up  daily  millions  of  gallons 
into  the  reservoirs  on  the  mount,  and  thus  furnishing  in  abundance  one  of 
the  first  necessaries  of  life  to  an  immense  population— was  performed  with 
less  noise  than  -is  ordinarily  made  in  working  a  smith's  bellows  J  The 
picturesque  location,  the  neatness  that  reigns  m  the  buildings,  the  walks 
around  the  reservoirs  and  the  grounds  at  large,  with  the  beauty  of  the  sur- 
rounding scenery,  render  the  name  of  this  place  singularly  appropriate. 

Dr.  T.  P.  Jones,  the  talented  editor  of  the  Journal  of  the  Franklin  In- 
stitute, promised  his  readers  '*  A  history  of  the  origin,  progress  and  pre- 
sent state  of  the  Water-works  at  Fair  Mount,"  some  years  ag^,  but  which 
has  not  yet  been  published.  His  familiarity  with  the  subject  in  general 
'and  with  those  works  in  particular,  would  make  the  history  highly  inter- 
esting to  the  present  generation,  and  a  source  of  valuable  information  to 
iuture  ones.  See  Journal' of  the  Franklin  Institute,  vol.  iii,  first  series; 
which  'contains  a  plan  and  section  of  one  of  the  wheels  and  one  of  the 
pumps. 

•  What  a  contniit  with  the  old  worki  at  London  bridf  •,  where  one  wheel  worked  sis* 
ten  small  pnmps ;  the  friction  of  the  nuroeroiia  pistons  and  the  apparatus  for  movii^ 
them  eonsumiii^  a  great  portion  of  the  power  employed. 
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FiiiB-Bmniiti  t  ProbaUj  mwI  is  Babyloa  uid  Tjrre^Enployed  by  uica««t  warrior*-  OiWr^Minicf 
llMir»— Pire-eof  inea  rsferrMi  Co  by  ApoUodora*— TbaM  probably  aqua!  io  (iffect  ta  oan :  ^Tnitalia  of 
Heron :  Fire-enrioa  daacribad  in  il*^uaipa  uaad  to  promote  conAaf  ratioa»->-Oraek  fire,  a  jiqaui  pro- 
lected  by  puaipa— Piraa  and  wan  commonly  united-^GeaeEaia,  tha  i^reateat  iacf-ndiarie*— Sayiof  of 
Crate*  re»pectiaf  them — Fire  pumps  the  foraraauari  off  uas — Uae  of  an|^inaa  in  Rome  Manuoned  in  a 
letter  of  Pliny  to  Tr^an,  and  by  Seneca,  Hesychias  and  Isidore.  Roman  firaoMa — Frequeacy  oC 
■ottced  by  Juvenal — Detej>table  practite  of  Crassaa— Portable  enginca  in  Roman  houses  Modem 
fines  dcrired  Ardm  the  SplritaliaF— FoiYotton  in  the  middle  ayeo'  aa|>crstitions  with  lofard  to 
•ttributad  to  demona— Consecrated  bells  am|*loyed  as  substitutas  for  water  and  fire-«nf  inaa— Eztracta 
from  the  Paris  Ritual,  Wynken  da  Worde,  Bamaby  Goof  a  and  Pater  Martyr  reapocting  them— Eablo- 
matic  device  of  an  old  duke  of  Milan — Firemen's  apparatus  l^om  Af  ricol»— Syrinf  es  used  in  Loodoo  to 
queuch  fires  in  the  17th  ceatury-~Atill  employed  in  Constantinople— Anecdote  of  the  Capadan  Pacha- 
Syringe  engine  from  Besson— German  engines  of  the  16th  century — ^Puup  engine  frmn  Decaus — Puoqi 
eugine«  in  London — Extracts  from  the  minutes  of  the  London  Common  Council  rei^pecciug  engioes  nnd 
•quirts  in  1667— Experiment  of  Maurice  mantionad  by  Stow  the  hiMorian->Estract  from  *«hiatory  of  tho 
first  inventors.' 

Of  the  machines  described  in  the  1st  and  2d  books  some  are  employed 
in  raising  water  for  the  irrigation  of  land,  and  for  numerous  purposes  of 
rural  and  domestic  economy  ;  others  in  various  operations  of  engineering 
and  the  arts,  but  with  the  exception  of  the  centrifugal  pumps,  (Nos.  95,  6, 
and  7,)  the  lic|uid  falls  inertly  from  them  all-^.  e.  it  is  not  forcibly  ejected 
as  from  a  forcing  pump  or  syringe  :  whether  it  be  poured  from  a  bucket, 
drawn  from  a  gutter,  escape  from  a  noria,  or  from  tne  orifice  of  a  screw, 
or  the  spout  of  an  atmospheric  pump,  it  flows  from  each  by  the  influence 
of  gravity  and  consequently  detoends  as  it  flows — such  machines  are  there- 
fore inapplicable  for  projecting  water  on  fires,  because  for  this  purpose  the 
liquid  is  required  to  ascend  after  leaving  the  apertures  of  discharge  and  with 
a  velocity  suflUcient  to  carry  it  high  into  the  air;  and  also -when  conveyed 
to  a  distance  through  flexible  or  other  tubes,  to  be  delivered  from  them  at 
elevations  far  above  the  machine  itself.  As  these  effects  are  produced  by 
the  pumps  dc^scribed  in  the  present  division  of  the  subject,  most  of  them 
have  at  difTerent  times  been  adopted  as  fire-engines ;  some  account  of  these 
important  machines  may  therefore  be  inserted  here. 

Water  is  the  grand  agent  that  nature  has  provided  for  the  extinguish- 
ment of  flames,  and  contrivances  for  applying  it  with  effect  have,  in  every 
civilized  country,  been  assiduously  sought  for.  In  the  absence  of  more 
suitable  implements,  buckets  and  other  )>ortable  vessels  of  capacity,  at  hand, 
have  always  been  seized  to  cgnvey  and  throw  water  on  fires;  and  when 
used  with  celerity  and  presence  of  mind  at  the  commencement  of  one  have 
often  been  sufficient;  but  when  a  conflagration  extends  beyond  their  reach, 
the  fate  of  the  burning  j^ile  too  often  resembles  that  of  the  ships  of  Eneaa: 

Nor  buckets  poured,  nor  sUrength  offaumui  band 
Can  tbe  victorioaa  element  witbiitand.  Himd.  v. 


The  necessity  of  some  device  by  which  a  stream  of  water  might  be  (breed 
from  a  distance  oif  flames  must  have  been  early  perceived,  and  if  we  were 
to  judge  from  the  frequency  and  extend  of  ancient  conflagrations,  the  pro- 
digious amount  of  property  destroyed,  and  of  human  misery  induced  by 
them,  'we  should  conclude  that  ingenious  men  of  former  times  were  stimu* 
lated  in  an  unusual  degree  to  invent  machines  for  the  purpose.  Thit  this 
was  the  ca.se  cannot  well  be  quesr*oned,  althoiigb  no  account  of  their  Im- 
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bors  has  reached  our  times.  It  seems  exceedingly  probable  that  some 
kind  of  fire-engines  were  used  in  the  celebrated  cities  of  remote  antiqui^ 
—in  Nineveh,  Tyre,  Babylon  and  others.  It  is  scarcely  possible  that  the 
Tyrian  and  Babylonian  mccnanicians,  whose  inventive  talents  and  skill 
M'ere  proxerbial,  should  have  left  their  splendid  cities  destitute  of  such 
mearrs  for  preserving  them  from  the  ravages  of  fire.  If  the  groat  extent 
of  Babylon,  for  example,  be  considered,  its  location,  (on  an  extensive  plain,) 
the  length  of  its  streets,  (fifteen  miles,)  the  height  of  its  buildings,  (three 
and  four  stories,)  and  its  un rivaled  wealth,  together  with  the  heat  and 
dryness  of  the  climate ;  the  necessity  of  such  machines  will  be  apparent, 
and  what  appears  necessary  to  us,  we  may  rest  assured,  appeared  equally 
so  to  its  mechanicians,  and  that  they  were  quite  as  capable  of  providing 
by  their  ingenuity  for  the  emergency.  Nor  are  we  left  wholly  to  conjec- 
ture respecting  their  knowledge  of  hydraulic  or  pneumatic  machinery, 
since  the  most  memornble  machine  for  rais^in^  water  in  the  ancient  world 
was  made  and  used  ai  Babylon,  and  one  which,  as  has  been  elsewhere 
observed,  greatly  exceeded  in  the  elevation  to  which  it  raised  it,  all,  or 
nearly  all  tlie  water-work^  of  modern  days.  Had  they  engines  like  ours 
then  f  We  dare  not  say  they  had,  although  we  see  nothing  improbable 
in  ilie  opinion  :  the  antitjuity  of  the  syringe  is  unquestionable ;  and  its  ap- 
plication to  project  water  on  flames  must  have  been  as  obvious  in  remote 
as  in  present  times  ;  and  people  would  as  naturally  be  led  then  as  now, 
to  construct  large  ones  for  that  purjwse. 

There  are  other  reasons  for  believing  that  syringes  or  pumps  for  squirt- 
ing water  on  fires  were  in  use  previous  to  tho  time  they  are  first  mention- 
ed in  history,  jPstre  was  one  of  the  most  common  and  most  destructive 
agents  employed  in  ancient  wars.  When  a  city  was  besieged  or  assaulted, 
it  was  the  first  object  with  the  assailants  to  protect  the  moving  towers,  in 
which  tlieir  battering  engines,  &c.  approached  the  walls,  from  being  con- 
sumed by  fire,  oil  and  pitch,  h<i.  thrown  upon  them  from  the  ramparts. 
Every  source  was  examined  that  ingenuity  could  unfold,  for  m&terials  and 
devices  to  protect  them;  and  as  not  only  the  lives  and  property  of  the  in-* 
habitants,  but  often  the  destinies  of  armies  and  even  ot  nations  were  on 
such  occasions  at  stake,  it  is  reasonable  to  conclude  that  the  most  perfect 
apparatus  which  could  then  be  procured,  were  employed  both  for  destroy- 
ing buildings  by  fire,  and  also  for  preserving  them  from  it.  We  know 
tliat  n.en  were  specially  trained  to  fire  buildings,  and  that  they  were  ex- 
pert in  their  profession,  especially  in  shooting  lighted  arrows  and  darts 
:nto  and  upon  structures  that  could  not  be  approached ;  hence  the  neces- 
sity of  devices  for  throwing  water  upon  these  missiles  and  the  places  in- 
flamed by  them.  There  is  an  allusion  to  both  practices  in  the  Epistle  to 
the  Ephesians,  vi,  16.  Such  a  system  of  warfare  could  never  have  been 
carrred  to  the  extent  that  it  was,  and  for  so  many  ages  too,  among  the  cele- 
brated nations  of  old,  without  forcing  pumps  or  something  like  them  being 
osed  to  squirt  water  on  such  parts  as  could  not  be  reached  by  it  when 
thrown  from  the  hand.  We  cannot  conceive  how  the  constant  repetition 
of  one  army  applying  its  energies  to  the  destruction  of  another  by  means 
of  fire,  and  die  latter  equally  intent  on  devising  and  applying  means  to 
extinguish  it,  without  the  application  of  the  syringe  and  oi  machines  on  the 
principle  of  the  l)ellows  occurring  to  them — an  application  so  obviot  8 
(even  then)  that  the  slightest  mental  effort  to  produce  a  contrivance  for 
the  purpose  could  not  have  overlooked  it,  even  if  the  occasions  were  of 
little  moment,  much  less,  when  the  inventive  powers  of  armies,  and  of 
military  eneiiwers  in  particular,  were  engaged  in  the  research,  and  the  fate 
of  nations  depended  upon  the  result.     From  a  remark  in  one  of  Pliny's 
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letters,  to  wliinli  we  shall  presently  refer,  it  appears  that  among  the  Romant 
individuals  were  brought  up  to  the  jn-qfeuion  of  extinguishing  fires. 

The  Helfpnles,  or '  town  takers'  of  Demetrius,  although  proofs  of  his  me* 
chanical  genius,  would  have  availed  him  little  at  the  siege  of  Rhodes,  nor 
the  movable  towers  of  Hannibal  at  Saguntum,  if  these  warriors  had  not 
been  in  possession  of  means  to  prevent  them  from  being  consumed  by  ihe 
fire  of  the  besieged — of  materials  to  resist  its  effects,  and  apparatus  to  ex- 
tinguish it.  That  the  resources  of  the  ancients  in  these  respects  were  not 
inferior  to  ours,  may  be  inferred  from  several  historical  facts  respecting; 
their  modes  of  securing  these  towers.  They  were  generally  covered  with 
raw  hides,  leather  soaked  in  water,  or  cloth  made  of  hair,  and  soroetimes, 
although  seldom,  they  were  plated  with  metaL  Such  were  some  of  those 
employed  by  Titus  at  the  siege  of  Jerusalem.  They  were  seventy-five 
feet  high  and  were  covered  all  over  with  sheeta  of  iron ;  perhaps  nothing 
else  could  have  resisted  the  incessant  torrents  of  fire  whicn  the  infuriated 
Jews  showered  upon  them.  But  a  singular  proof  of  the  sagacity  and  re- 
searches of  the  ancients  is,  that  the  modem  application  of  tdum  to  render 
wood  incombustible  was  also  known  ;  for  Archelaus,  one  of  the  generals 
of  Mithridates  in  a  war  with  the  Romans,  washed  over  a  wooden  tower 
with  a  solution  of  it  and  thereby  defeated  all  the  attempts  of  Sylla  to  set 
the  structure  on  fire.  Thus  we  see  that  when  mechanical  means  failed 
them,  or  were  not  at  hand,  they  had  recourse  to  chemical  ones.  But  that 
water  and  machines  for  dispersing  it,  were  extensively  employed  on  suck 
occasions  appears  from  a  remark  of  Vitruvius.  He  observes  that  the  lower 
stories  of  the  towers  contained  large  quantities  of  water  for  the  purpose 
of  extinguishing  fire  thrown  upon  them.     Of  course  they  had  means  of 

grojecting  it  wherever  required,  but  of  these  unfortunately  he  is  silent, 
lontfaucon  has  engraved  a  fi^re  of  a  species  of  wheel  for  the  purpose, 
but  its  representation  is  too  imperfect  to  indicate  the  nature  of^  the  ma- 
chine of  which  it  fteems  to  have  tormed  a  part. 

That  machines  of  the  fmn^  kind  were  used  on  these  occasions  is  evi- 
dent from  the  temporary  contrivance  of  Apollodorus,  mentioned  in  the  re- 
mains of  a  work  of  his  On  War  Machines,  and  quoted  by  Professor  Beck- 
man.  We  have  noticed,  at  .page  235,  one  of  his  plans  for  exdiiguisliing 
fire  in  the  upper  parts  of  a  building,  and  that  to  which  we  now  refer  is 
from  the  same  passage.  Water,  he  observes,  may  be  conveyed  to  devaied 
places  when  exposed  to  Jiery  darts,  by  means  of  the  entrails  of  an  ox : 
these  natural  tubes  being  connected  to  a  bac^  filled  with  WBter ;  by  com- 

Sressing  the  bag  the  liquid  will  be  forced  through  them  to  its  place  of 
estination.  This  device,  he  says»  may  be  adopted  when  the  mtarkine 
called  siPHO  is  not  at  hand.  Now  if  we  had  not  known  that  the  term 
sipho  was  anciently  used  to  designate  syringes  and  other  tubular  instru- 
ment<t,  the  substitute  which  Apollodorus  here  proposes  sufficiently  proves 
that  it  was  a  forcing  pump  to  which  he  refers,  and  one  too  that,  like  our 
fire-engines,  was  furnished  with  leathern  hose  through  which  the  water 
was  conveyed  to  the  *'  elevated  places*'  he  mendons.  The  importa&«*e  of 
flexible  pipes  accompanying  the  pump  or  sipho,  when  employed  in  war, 
is  obvious ;  for  one  of  the  objects  of  those  who  threw  "  fiery  darts"  on  the 
towers  and  other  structures,  was  to  fire  them,  if  possible,  at  places  inac- 
cessible to  water  for  the  most  difficult  to  be  reached — hence  the  necessity 
not  only  of  engpines,  to  project  sft^ams  of  that  liquid,  but  also  of  such  tulies 
to  dii^ect  it  to  the  places  inflamed :  and  hence  the  suggesdon  of  the  tubes 
mentioned  by  Apollodorus  when  artificial  ones  were  not  to  be  procured : 
an  ox  was  always  within  the  reach  of  an  army. 

As  these  engines  would  of  course  be  similar  to  such  as  were  used  to 
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extmguUIi  firai  ;n  uidea  in  times  of  peane,  it  is  ta  be  regretted  that  neither 
ApollodoruB  nor  Vilruvius  lias  described  them  :  perhaps  they  were  loo 
comnton  to  have  been  thought  worthy  of  particular  notice.  In  the  design 
ftod  execution  ol'lheir  essential  parts,  they  were  probably  equal  to  our  best 
engines.  Some  persons  may  doubt  this,  but  it  ahould  be  reiriemliered  that 
the  nature  of  ancient  wars  naturally  led  to  the  best  construction  of  all  mi- 
iitary  machinery ;  and  of  defensive  apparatus,  engines  to  extinguishers 
could  not  have  been  the  least  important,  when  that  element  was  univer- 
sally employed.  The  conteata  of  the  ancients  were  often  those  of  mecha- 
nical skill  ridier  than  of  fighting — conflicts  of  talent  in  engineering  than 
in  generalship ;  hence  the  ingenuity  displayed  in  their  machinery  and  the 
wonders  wrought  by  it.  Archimedes,  by  superior  machines,  protocied 
Syracuse  for  eight  months  against  all  the  efforts  of  the  legions  of  MarccUus 
and  the  Roman  engineers.  The  successes  of  Demetrtiis  and  Hanuil>al 
were  often  due  to  the  novelty  of  their  engines :  the  Cartbagenian  machin- 
ists were  indeed  proverbially  skilful,  so  much  so,  that  in  Rome  itself  any 
curious  piece  of  mechanism  was,  by  way  of  eminence,  named  pvnic.  An- 
cient armies  were  also  often  employed  in  obtaining,  raising  and  cutUng  off 
water  ;  the  hydraulic  engines  of  Ganymede  nearly  ruined  Ciesar  nnd  his 
army  in  Alexandria,  Cyrus  took  13abvlon  by  diverting  tlie  course  of  the 
Euphrates,  Ice.  The  frequent  use  of  hydraulic  engines  in  war  either  la 
extinguish  fires  or  fur  other  purposes,  would  naturally  lead  to  skill  in  mak- 
ing u  weU  u  in  using  them. 


tia.Hl.  EfTpUinFin-BiiiiiMiirihaSduiitury 
That  the  idea  of  employing  forcing  pu 
in  the  time  of  Apollodon.s  or  Vltruvni3_ 
Among  the  small  number  of  ancient  writings  that  escaped  destruction  in 
those  dark  and  turbulent  ages  that  intervened  between  the  decline  of  th« 
Roman  power  and  the  introduction  of  printing  into  Europe,  was  a  Greek 
manuacnpt,  containing  an  account  of  various  devices  for  the  applicatinn  of 
water,  and  among  them  an  engine  for  cxtinguishmg  fires.  This  small 
work  was  illustrated  with  figures,  like  the  original  work  of  Vitruvius. 
Several  Latin  translations  were  made  and  published  in  the  16tb  and  17di 
39 
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cent  .xnes,  and  roost  of  them  were  ornamented  with  copies  of  the  origin^] 
illustrations.  This  was  the  Spiritalia  of  Heron,  to  which  we  have  already 
referred,  (page  270.)  As  the  engine  may  interest. some  readers,  a  figure 
of  it  is  annexed.     See  No.  141  on  the  preceding  page. 

To  persons  not  familiar  with  hydraulic  machinery  this  fi^re  will  ap- 
pear a  nide  and  imperfect  affair;  but  notwithstanding  its  antiquity  and  the 
mutilations  which  it  has  unquestionably  sustained  in  passing  through  the 
hands  of  copyists,  it  exhibits  nearly  all  the  essential  elements  of  a  modem 
engine.  Like  the  machine  of  Ctesibius,  Heron's  engine  consists  of  two 
brass  forcing  pumps  connected  to  one  discharging  pipe.  The  cylinders 
are  secured  to  a  base  of  wood  and  are  partly  immersed  in  water ;  they 
are  described  in  the  text  as  turned  or  bored  very  smooth,  with  pistons  ac- 
curately fitted  to  work  in  them.  The  piston  rods  are  attached  by  bolts  to 
a  double  lever  at  equal  distances  from  the  centre  or  fulcrum  at  A.  The 
carriage  not  being  necessary  to  elucidate  the  principle  of  the  machine  was 
omitted  by  Heron.  The  rectangular  figure  into  which  the  upper  part  of 
the  discharging  pipe  is  formed,  has  certainly  been  added  by  some  trans- 
criber of  the  manuscript.  Neither  Heron  nor  his  contemporaries  could 
have  made  such  an  obstacle  to  the  issuing  fluid,  and  nothing  of  the  kind 
is  mentioned  in  the  texL  There  is,  moreover,  conclusive  evidence  that 
the  figure  has  been  altered;  for  example,  there  is  no  provision  represented 
by  which  the  direction  of  the  perpendicular  jet  can  be  changed,  and  hence 
an  engine  made  according  to  it,  would,  on  this  account  alone,  be  useless ; 
now  Heron  not  only  describes  a  movable  tube,  fitted  by  a  joint  (goose 
neck)  to  the  perpendicular  one,  by  turning  of  which  the  water  coidd  be 
discharged  on  any  given  place,  but  he  refers  his  readers  to  the  figure  of 
it  in  the  illustration. 

Had  Heron's  machine  an  air  chamber  f  This  is  an  interesting  question, 
since  if  it  were  determined  in  the  affirmative,  there  would  be  little  left 
for  the  modems  to  claim  in  fire-engines  except  details  in  the  coifstruction 
of  the  carriages  and  other  matters  of  minor  importance,  that  have  been 
left  unnoticed  in  the  Spiritalia.  The  accounts  of  machines  by  ancient  au- 
thors are  generally  very  concise ;  they  did  not  think  it  necessary  to  enter 
into  that  minutiae  of  narration  that  characterizes  the  specifications  of  modem 
patents,  nor  would  it  have  been  of  much  use  to  us  if  they  had,  but  the 
contrary,  for  the  multiplicity  of  mere  technical  terms  would  rather  have 
increased  than  removed  our  embarrassments.  This  is  evident  from  the 
variety  of  explanations  given  of  a  few  such  terms  that  Vitruvius  employs 
in  describing  some  of  the  inventions  of  Ctesibius  and  other  mechanicians  : 
hence  in  all  the  accounts  of  ancient  machinery,  it  was  of  more  importance 
to  preserve  the  figures  or  illustrations  than  the  text  from  corruption. 

The  description  of  Heron's  engine  which  the  text  and  the  figure  afibrd, 
is,  to  persons  conversant  with  such  machines,  sufficiently  explicit,  with  the 
exception  of  that  part  of  both  which  relates  to  the  discharging  pipe  and 
apparatus  connected  to  it — or  in  other  words,  to  the  air  vessel,  for  that 
there  was  one,  we  think  every  intelligent  reader  will  presendv  admit. 
Had  the  fig^ure  been  always  exactly  copied  by  the  multipliers  of  manu- 
scripts, of  course  no  obscurity  would  here  have  been  felt,  out  even  in  the 
state  in  which  it  has  reached  us,  an  air  vessel  u  certainly  portrayed.  It 
may  be  asked,  If  this  be  so,  why  was  it  not  discovered  before  t  Possibly 
because  no  one  sought  particularly  for  it :  its  diminutive  size  and  general 
resemblance  to  a  plain  tube  would  prevent  any  one  eke  from  recognizing 
it.  It  will  be  seen  in  the  figure  that  one  part  of  the  discharging  pipe 
descends  into  an  enlarged  portion  of  that  below  it,  and  that  a  space  is  left 
between  them;  thus  constituting  an  air  chamber,  and  precisely  of  the  same 
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plan  as  those  generally  used  in  engines  at  this  day.  This  part  of  the  figure 
(and  this  alone)  in  Commandine*s  translation  of  the  Spiritalia  is  not  shown 
in  section,  but  the  arrangement  of  the  pipes  is  precisely  as  shown  in  the  cut. 
Now  tliis  addition  to  the  discharging  pipe  could  not  have  been'  made  in 
the  16th  century,  when  the  work  fell  into  the  hands  of  printers  and  en- 
gravers, for  at  that  time  the  use  of  it  was  not  known,  while  from  the  small 
dimensions  figured  it  could  have  been  of  no  service.  That  it  originated 
with  Heron  and  formed  a  prominent  feature  in  the  ori^nal  figure,  is  evi- 
dent from  the  text :  when  speaking  of  the  escape  of  the  water  from  this 
part  of  the  machine,  he  expressly  states  that  it  was  forced  out,  in  the  same 
manner  as  out  of  a  vase  or  fountain,  which  he  had  previously  described, 
hy  means  of  compreMed  air^^*  per  aerem  in  ipso  cotnpressum,**^  Nothing 
can  be  plainer  than  this ;  for  every  manufacturer  of  pumps  knows  that  in 
the  absence  of  an  air  vessel  there  could  have  been  no  air  to  compress. 

It  is  an  interesting  circumstance  in  the  history  of  this  ancient  engine 
that  the  air  vessel  should  have  been  preserved  through  so  many  ages  when 
its  use  was  not  known.  While  its  size  was  diminished  its  form  was  re- 
tained. It  is  no  wonder  that  the  old  copyists  considered  it  an  unsighrly 
and  unnecessary  enlargement  of  the  discharging  pipe,  and  hence  they  re- 
duced it  accordingly— certainly  the  fancy  that  could  add  the  rectangular 
twist  to  the  upper  part,  would  not  hesitate  to  remove  the  supposed  defor- 
mity from  the  lower  one.  Some  persons,  deceived  by  the  imperfect  re- 
presentation, have  supposed  that  such  engines  were  not  used  in  the  time 
of  Reron,  and  that  the  figure  and  description  were  inserted  in  his  work  as 
mere  hints  for  futare  mechanicians  to  improve  on ;  but  the  description 
sufF.ciently  indicates  that  similar  machines  were  in  actual  use.*  The  ma- 
terials and  workmanship  of  the  pumps — ^metallic  pistons  and  spindle  valveq, 
with  guards  to  prevent  the  latter  from  opening  too  far ;  the  mode  of  form- 
ing the  goose-neck  by  a  kind  of  swivel  joint,  somewhat  like  the  union  or 
coupling  screw ;  the  application  of  an  air  vessel ;  two  pumps  forcing  water 
through  one  pipe,  and  both  worked  by  a  double  lever,  are  proofs  that  the 
machine  described  by  Heron  was  neither  an  ideal  one,  nor  of  recent 
origin  or  use.  There  are  features  in  it  that  were  very  slowly  developed 
by  manufacturers  in  modem  times.  It  is  not  at  all  improbable  that  an- 
cient engines  were  equal  in  effect  to  the  best  of  ours ;  Jbut,  whether  they 
were  or  not,  one  thing  is  certain,  that  to  the  ancients  belongs  the  merit  of 
discovering  the  principles  employed  in  these  machines  and  of  applying 
them  to  practice.  It  is  remarkable  too,  that  fire  engines  made  their  first 
appearance  in  Egypt,  thus  adding  another  to  the  numerous  obligations 
under  which  that  wonderful  country  has  placed  civilized  nations  in  all 
times  to  come. 

Having  noticed  the  use  of  pumps  to  extinguish  fires  in  ancient  warfare^ 
"we  may  remark  that  they  were  silso  employed  in  the  middle  ages,  if  not 
before,  to  promote  conflagrations,  viz:  to  lanch  streams  of  Cheek ^re.  This 
mysterious  substance  is  represented  as  a  liquid  :  Beckman  says  it  cer* 
tamly  was  one ;  and  so  far  from  being  quenched,  its  violence  was  aug- 
mented by  contact  with  water.  It  was  principally  employed  in  naval 
combats,  being  enclosed  in  iarp  that  were  thrown  into  the  hostile  vessels. 
It  was  also  blown  through  iron  and  copper  tubes  planted  on  the  prows  of 
galleys  and  fancifully  shaped  like  the  mouths  of  animals,  which  seemed  to 
vomit  streams  of  liquid  fire.  There  is  among  the  figures  of  war  machines 
in  the  old  Grerman  translation  of  Vegedus  already  mentioned,  one  that 

■  Spinodia,  p.  70. 

^  8'phoiiM  aatem  qoibofl  atantnr  ad  ineeiidia  boo  modo  oonstraanter.— Ibid. 
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(judging  from  the  flames  issuing  from  monstrous  ariimals'  mouths)  seems  to 
have  been  designed  for  projecting  Greek  fire,  though  it  is  difficult  to  pep> 
ceive  how  it  was  done.  Another  mode  of  using  this  'terrible  matenal 
^as  bj  forcing  it  in  iets  "  by  means  of  large  fire-engines/*  and  sometimet 
''  the  soldiers  squirted  it  from  hand  engines.'*  Its  effects  upon  those  oft 
whom  it  was  thrown,  seem  to  have  been  somewhat  similar  to  those  pro* 
duced  by  the  composition  of  alcohol  and  spirits  of  turpentine  recently  adopt* 
ed  as  a  substitute  for  oil  in  lamps,  and  which  has  occasioned  so  many  fatal 
disasters,  by  the  explosion  of  vessels  containing  it  and  its  consequent  dis- 
persion over  the  persons  of  the  sufferers.  It  was  easy  (says  Beckman)  to 
conceive  the  ioea  of  discharging  Greek  fire  by  means  of  forcing  pumps, 
because  the  application  of  them  to  extinguish  nres  was  known  long  iMjare 
its  invention.  It  is  supposed  to  have  originated  with  Callinicus,  a  Syrian 
engineer  of  Balbec,  in  the  7th  century.  It  may  however  have  been  known 
to  the  old  Greeks  and  Romans,  for  they  made  use  of  similar  devices  for 
projecting  fire  :  Montfaucon,  in  describing  their  marine  combats,  observes 
"  another  mode  of  annoying  enemies'  ships  was  by  throwing  fire  thitr«*in, 
which  they  did  after  difrerent  ways,  some  using  for  that  purpose  sipkomes, 
and  fire  buckets,  others  threw  in  pots  filled  with  fire.*'  From  an  expres- 
sion of  Dr.  G.  A.  Agricola,  s  physician  of  Ratisbon  of  the  last  century,  in 
a  work  on  Gardening,  (see  page  127  in  Bradley's  translation)  it  wouhi  ap- 
pear as  if  something  like  the  Greek  fire  was  then  in  use.  Enumerating 
several  pernicious  inventions,  he  notices  "  That  infcrni!  one  of  gunpowder. 
How  many  cities  and  fortresses  has  it  ruined  Y  How  many  uousands  of 
men  has  it  destroyed  ]  And  what  is  most  deplorable  is,  tliat  this  art  grows 
more  and  more  complete  every  day,  and  is  brought  to  that  perfection,  thed 
in  Holland  and  some  other  parts  they  have  fire  pumps  filled  with  burning 
compositions,  wherewith  they  eject  fiery  torrents  to  a  great  distance, 
which  may  occasion  dreadful  and  irreparable  damage;  to  mankind." 

Fires  and  wars. have  ever  been  deemed  the  most  awful  of  earthly  cala- 
mities, and,  unfortunately  for  our  race,  they  have  too  oflen  been  united, 
for  warriors  have  generally  had  recourse  to  the  former  to  multiply  the  mi- 
series of  the  latter;  uiid  in  almost  every  age  cities  have,  like  Jericho  and 
Ai,  Hebron  ami  Ziglag,  Troy  and  Thebes,  Carthago  and  Athens,  Sagun- 
tum  and  Bagdat,  been  burnt  with  fire ;  and  in  some  cases  **  all  the  souls 
therein  destroyed^ — "cities  burned  without  inhabitants.'*  It  was,  we  be 
lieve,  from  the  horril>le,  the  inconceivable  sufferings  endured  on  such  oc- 
casions, that  much  of  the  thrilling  imagery  of  the  Bible  was  derived.  To 
tho  offending  Jews,  God  was  represented  as  "a  consuming  fire,*'  and  they 
were  urged  to  repentance  **  lest  his  fury  come  forth  like  fire,  and  bum, 
that  none  can  ijuench  it — lest  he  break  out  like  fire  in  the  house  of  Joseph 
and  there  be  none  to  quench  it  in  Bethel  ;*'  and  some  of  the  sublimest  ef* 
fusions  of  the  prophets  have  reference  to  "  firebrands,  arrows  and  death*' 
— to  "  blood  and  fire  and  pillars  of  smoke."  In  modem  times,  too,  war- 
riors have  been  the  greatest  incendiaries :  hamlets,  towns  and  cities  have 
been  wantonly  consumed,  and  the  "  gallant**  actors  have  made  the  air 
shiver  vnxh.  their  shouts  of  acclamation  on  witnessing  the  spreading  con- 
flagration. Well  did  the  ancients  represent  Mars  fierce  in  aspect,  bran- 
dishing a  spear,  and  driving  in  his  chariot  o*er  mangled  corses,  amid  the 
clangor  of  arms  and  the  shrieks  of  the  dying-r-Fear,  Terror  and  Discord 
in  his  train,  while  before  went  Bellona,  with  her  hair  loose  and  clotted 
with  gore,  and  a  firebrand  in  her  hand.  And  these  are  the  demons  that 
men  professing  Christianity  worship  with  all  the  fervor  of  deluded  hea- 
then ;  and,  what  will  in  future  times  appear  incredible,  they  demand  re- 
verence lor  the  act,  and  they — ^receive  it !     Strange,  that  notwithstanding 
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die  boasted  superiority  of  the  age  and  the  benign  spirit  and  precepts  of 
religion-— the  profusion  of  war— -the  most  prolific  source  of  human  misery 
and  crime,  is  still  deemed  honorable ;  and  men  under  whose  tyranny  na- 
tions and  provinces  groan,  and  by  whom  human  life  is  extinguished  not 
*oniy  without  remorse  but  with  indifference,  are  permitted  to  take  prece- 
dence in  moral  society.  Crates  was  certainly  correct  when  he  intimated  • 
that  wars  would  never  cease  till  men  became  convinced  of  the  folly  and 
wickedness  of  allowing  themselves  to  be  driven  as  soldiers  like  sheep  to 
the  slaughter,  or  like  wolves  to  devour  each  other — but  as  he  expressed 
it,  not  till  men  become  sensible  that  generals  are  only  a»i  drivers. 

As  Grreek  fire  preceded  Gunpowder  in  Europe,  so  pumps  or  the  'spout- 
ing engines'  for  proji^cting  it  may  be  considered  the  forerunners  of  guns : 
it  IS  even  possible  that  the  first  idea  of  the  latter  (supposing  they  were  not 
introducea  from  the  east)  might  have  been  derived  from  accidental  explo- 
sions of  the  liquid  in  the  pump  cylinders,  when  the  pistons  would  of  course 
be  driven  out  of  them  like  balls  out  of  cannon.  But  be  this  as  it  may, 
enough  has  been  adduced  to  show  that  the  forcing  pump  and  its  modifica- 
tions have  exerted  no  small  degree  of  influence  in  ancient  wars  and  con- 
sequently in  the  affairs  of  the  old  world. 

Although  the  police  and  other  arrangements  for  the  actual  suppression 
of  fires  in  ancient  Rome  are  not  well  ascertained,  some  interesting  particu 
lars  are  known,  A  body  o£  Jiremen,  named  matricularii,  was  established 
whose  duty  it  was  to  extinguish  the  flames.  Similar  companies  were  also 
organized  m  provincial  cities.  This  appears  from  Trajan's  reply  to  Pliny 
respecting  the  formation  of  one  in  Nicomedia,  and  from  which  we  learn 
that  tliese  ancient  firemen  frequently  created  disturbances  by  their  dissen 
dons  lyid  tumults.  Pliny  (the  younger)  was  governor  of  Blthynia ;  after 
giving  the  emperor  an  account  of  a  fire  in  Nicomedia,  a  town  in  his  pro 
vince,  he  continues,  "  You  will  consider,  sir,  whether  it  may  not  be  ad-* 
▼isabie  to  form  a  company  of  firemen,  consisting  only  of  one  hundred  and 
fifty  members.  I  will  take  care  none  but  those  of  t?iat  business  shall  be 
admitted  into  it ;  and  that  the  privileges  granted  them  shall  not  be  ex- 
tended to  any  other  purpose.  As  this  corporate  body  will  be  restricted 
to  so  small  a  number  of  members,  it  will  be  easy  to  •  keep  them  under 
proper  regulations."  'In  answer  the  emperor  sent  the  following  letter : 
**  Trajan  to  Pliny. — You  are  of  opinion'  it  would  b#  proper  to  establish 
a  company  of  firemen  in  Nicomedia,  agreeably  to  what  has  been  prac- 
ticed in  several  other  cities.  But  it  !s  to  be  remembered  that  societies  of  this 
sort  have  greatly  disturbed  the  peace  of  the  province  in  general,  and  of 
those  cities  in  particular.  Whatever  name  we  give  them,  and  for  what- 
ever purpose  tney  may  be  instituted,  they  will  not  fail  to  form  themselves 
into  factious  assemblies,  however  short  their  meetings  may  be.  It  will 
therefore  be  safer  to  provide  such  machines  as  are  of  service  in  extin- 
guishing fires,  enjoining  the  owners  of  houses  to  assist  in  preventing  the 
mischief  from  spreading,  and,  if  it  should  be  necessary,  to  call  in  the  aid 
of  the  populace."  Phny's  Letters,  B.  x.  Ep.  42  and  43.  Melmoth's 
Translation. 

The  direcdon  to  procure  ''  machines  as  are  of  service  in  exdnguishing 
fires"  was  in  consequence  of  Nicomedia  being  desdtute  of  diem— an  un- 
fbrtuc '  te  circumstance  for  the  inhabitants,  but  one  that  is  hardly  now  re- 
gretted by  those  who  are  in  search  of  informadon  respecting  fire-engines 
among  the  ancients ;  since  it  led  Pliny  to  mention  them,  and  thereby  af 
ford  us  a  proof  of  their  employment  by  the  Romans.  *'  MHiile  I  was  mak- 
ing a  progress  [he  writes  to  Trajan]  in  a  different  part  of  the  province,  a 
most  aestmcdve  fire  broke  out  in  Nicomedia,  which  not  only  consumed 
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several  private  houses,  but  also  two  public  buildings,  the  town  house  and 
the  teraple  of  Isis,  though  they  stood  on  contrary  sides  of  the  street.  The 
c  ccasion  of  its  spreading  thus  wide  was  partly  owinff  to  the  violence  ot 
the  wind,  and  partly  to  the  indolence  of  the  people,  who,  it  appears,  stood 
fixed  and  idle  spectators  of  this  terrible  calamity.  The  truth  is,  the  city 
#was  not  furnished  with  either  ettgines,  buckets,  or  any  single  instrument 
proper  to  extinguish  fires  ;  which  I  have  now  however  given*  directions 
to  be  provided.'*  It  has  been  generally  imagined  [observes  Melmoth] 
that  the  ancients  had  not  the  art  of  raising  water  by  engines,  but  this  pas- 
sage seems  to  favor  the  contrary  opinion.  The  word  in  the  original 
[for  eHgine]  is  sipho,  which  Hesy cuius  explains  uutrumeiUum  adjacukm- 
aus  aqwu  advcrsus  tncetuUa — an  instrument  to  throw  up  water  against 
fires.  But  there  is  a  passage  in  Seneca  which  seems  to  put  the  matter 
beyond  conjecture,  though  none  of  the  critics  upK>n  this  place  have  taken 
notice  of  it.  Soleraus  (says  he)  duabus  manibus  inter  se  junctus  aquam 
concipere  et  coropressa  utrinque  palma  in  modum  siphonis  exprimere.  Q,. 
N.  ii,  16,  where  we  plainly  see  the  use  of  this  sipho  was  to  throw  up 
water.  In  the  Frenon  translation  of  De  Sacy,  (Paris  1809,)  the  word  is 
rendered  pumps  : — **  D'ailleurs,  il  n*y  a  dans  la  ville,  ni  pompes  ni  seaux 
publics,  enfin  nul  autre  des  instrumens  necessaires  pour  eteindre  les  em- 
brasemens."  And  Professor  Beckman  quotes  both  Hesychius  and  Isidore 
to  prove  that  '*  a  fire-engine,  properly  so  called,  was  understood  in  the  4th 
ana  in  the  7th  centuries  by  the  term  sipho/'  and  we  may  add  that  Agri- 
cola  in  the  16th  century  designated  syringes  for  extinguishing  fires  by  the 
same  term.     Heron's  engine  is  also  named  a  siphon.     See  note  p.  307. 

From  an  expression  in  the  letter  of  Pliny  just  quoted,  we  learn  that 
men  were  regularly  brought  up  to  the  art  of  extinguishing  fires,  the  same 
as  to  any  other  profession :  Of  the  company  that  he  proposed  to  estab- 
lish, he  remarks,  **  I  will  take  care  that  none  but  those  of  that  business. 
shall  be  admitted  into  it."  The  buildings  in  ancient  Rome  were  very 
high,  the  upper  stories  were  mostly  of  wood,  and  the  streets  and  lanes 
were  extremely  narrow,  hence  the  suppression  of  confiagrations  there 
must  have  been  an  arduous  business,  and  one  that  required  extraordinary 
intre])idity  and  skill ;  qualifications  that  could  only  be  obtained  by  expe- 
rience. Besides  engines  for  throwing  water,  the  firemen  used  sponges  or 
mops  fixed  to  the  end  of  long  poles,  and  they  had  grapples  and  other 
instruments  by  means  of  which  tliey  could  go  from  one  wall  to  anether^ 
(Encyc.  Antiq.)  Of  the  great  elevation  of  the  houses  several  Roman 
writers  speak.  Seneca  attributed  the  difficulty  of  extinguishing  fires  to 
this  cause.     Juvenal  mentions 

Roofs  that  make  ono  giddy  to  look  down.    Sat  vi. 

TVhen  the  city  was  rebuilt  after  the  great  conflagration,  (supposed  to 
have  been  induced  by  Nero,)  the  height  of  the  houses  was  fixea  at  about 
seventy  feet.  These  were  raised  to  a  certain  height  without  wood,  being 
arched  with  stone,  and  party  walls  were  not  allowed.  That  nres  were 
constantly  occurring  in  old  Rome  is  well  known.  Juvenal  repeatedly 
mentions  the  fact :     Thus  in  his  third  satire : — 


And  again : 


Rome,  whore  one  hean  the  tmrUstii^  sound 
or  beams  end  mften  thundering  to  the  ground, 
Amid  alarms  by  day  and  fears  by  night. 

But  io !  the  flames  bring  yonder  mansion  dowB  * 
The  dire  disaater  echoes  through  the  town ; 
Men  look  as  if  for  solemn  funeral  clad, 
Now,  now  indeed  these  nigbUg  fires  are  sad. 
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Their  frequency  tndaced  Augastus  to  institute  a  body  of  watchmen  to 
gnard  against  them,  and,  fVom  the  following  Hnes  of  Juvenal,  it  appears 
that  wealthy  patricians  had  servants  to  watch  their  houses  during  the  night: 

With  buckets  ranged  the  ready  tervaDts  vtand, 
Akrt  ai  miduight  by  their  lords'  command.      Sat.  xiv. 

As  every  calamity  that  befalls  mankind  is  converted  by  some  men  to 
their  own  advantage,  so  the  numerous  fires  in  Rome  led  to  the  detestable 
practice  of  speculating  on  the  distresses  they  occasioned.  Thus  Crassus, 
the  consul,  who,  from  his  opulence  was  surnamed  the  Rick,  gleaned  his 
immense  wealth,  according  to  Plutarch  **  from  war  and  Jrom  fires  ;  he 
made  it  a  part  of  his  business  to  buy  houses  that  were  on  fire,  and  others 
that  joined  upon  them,  which  he  commonly  got  at  a  low  price  on  account 
of  the  fear  and  distress  of  the  owners  about  the  event."  But  the  avarice 
«f  Gmssus,  as  is  the  case  with  thousands  of  other  men,  led  to  his  ruin. 
With  the  hope  of  enlarging  his  possessions,  he  selected  the  province  of 
Syria  for  his  government,  or  rather  for  his  extortion,  because  it  seemed  to 
promise  him  an  inexhaustible  source  of  wealth :  but  by  a  retributive  Provi* 
dence  his  army  was  overthrown  by  the  Parthians,  whom  he  vittempted  to 
subdue,  and  who  cut  off  his  head,  and  in  reference  to  his  passion  for  gold 
fused  a  quantity  of  that  metal  and  poured  it  down  his  throat. 

Amone  other  precautions  for  preventing  fires  from  spreading  that  were 
adopted  in  Rome  on  rebuilding  the  city,  was. one  requirins;  every  citizen 
to  keep  in  his  house  "  a  machine  for  extinguishing  fire."  What  these  ma- 
chines were  is  not  quite  certain,  whether  buckets,  mops,  hooks,  syringes 
or  portable  pumps.  That  they  were  the  last  is  suppc/sed  to  be  proved 
by  a  passage  in  the  writings  of  Ulpian,  a  celebrated  lawyer  and  secretary 
to  the  Emperor  Alexander  Severus,  wherein  he  enumerates  the  things 
that  belonged  to  a  house  when  it  was  sold,  such  as  we  nnme  fixtureti, 
and  among  them  he  mentions  f iphones  employed  fjt  extinguishivg  fires, 
Beekman  thinks  the  leaden  pipes  which  conveyed  water  into  the  houses 
for  domestic  purposes  might  be  intended ;  but  thoy  would  hardly  have 
been  designated  as  above,  merely  because  the  water  conveyed  through 
them  was  occasionally  used  to  put  out  fires.  This  was  not  their  chief  use, 
but  an  incidental  one.  That  they  were  pumps  or  real  fire-engines  was 
the  opinion  of  Alexander  ab  Alexandre,  a  learned  lawyer  of  the  15th 
century ;  aa  opinion  not  only  rendered  probable  by  the  terms  used  and 
the  necessity  of  such  implements  for  the  security  of  the  upper  stories, 
which  neither  public  engines  nor  streams  from  the  aqueducts  could  reach, 
but  also  from  the  apparent  fact,  that  syringes  or  portable  pumps  have  al- 
ways been  kept  (to  a  greater  or  less  extent)  in  dwellings  from  Roman 
times.  And  a  sufficient  reason  why  they  should  generally  be  sold  with 
the  houses,  might  be  found  in  their  dimensions  being  regulated  according 
to  those  of  the  buildings  for  which  they  were  designed. 

The  population  of  Rome  was  so  great  that  the  area  of  the  city  could 
not  furnish  sites  sufficient  for  the  houses ;  and  hence  (as  Vitruvius  has  ob* 
served,  B.  ii,  cap.  8)  the  height  of  the  walls  was  increased  in  order  to 
multiply  the  number  of  stories—'  for  want  of  room  on  the  earth  the  build- 
ings were  extended  towards  the  heavens.'  Portable  fire-engines  were 
therefore  particularly  requisite,  in  order  promptly  to  extinguish  fires  on 
their  first  appearance,  whether  in  the  upper  or  lower  floors.  In  the  latter 
case,  when  this  was  not  done,  the  people  in  the  higher  stories  would  be 
eat  off  from  relief  and  the  means  of  escape.  Were  some  of  our  six  and 
seven  story  buildings  in  the  narrow  streets,  densely  filled  with  human 
beings,  and  a  raging  fire  sudden' v  to  burst  out  on  the  erround  floors,  tha 
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prohability  is  that  many  lives  would  be  lost,  notwithstanding  the  great 

number  of  our  public  engines,>and  hose  and  ladder  companies.     Juvenal 

intimates  the  distressed  situation  of  those  dwelling  above  umler  such 

drcumstances. 

Hark !  where  Ucalegon  for  water  cries 

Casts  out  his  cbatiels,  from  the  peril  flies, 

Dense  smoke  is  bursting  from  mejioar  bdow.    SaL  iii. 

However  perfect  or  imperfect  hydraulic  and  h^dro-pneumatic  engines 
in  ancient  Alexandria  and  Rome  may  have  been,  it  is  certain  that  these 
machines  and  the  arts  related  to  them  experienced  the  withering  influ- 
ence of  that  moral  and  mental  desolation  which  raged  throughout  £urope 
during  the  dark  ages.  The  decline  of  learning  was  necessarily  accom- 
panied with  a  corresponding  decay  in  all  the  useful  and  ornamental  arts : 
some  of  these  have  disappeared  altogether,  and  have  never  been  recover* 
ed,  so  that  the  attainments  of  the  ancients  in  them  have  perished.  But  tlie 
connection  between  literature  and  the  arts  was  as  apparent  in  their  resco- 
ration  as  in  their  declension — if  thev  departed  together  they  also  returned 
in  company.  The  revival  of  learning  not  only  led  to  the  introduction  of 
printing  and  the  invention  of  the  press,  but  it  furnished,  in  the  multiplica- 
tion of  ancient  manuscripts,  then  extant,  immediate  employment  for  lioth; 
and  although  it  may  be  supposed  that  there  can  be  little  or  no  relation  be 
tween  Greek  or  Latin  manuscripts  and  modem  fire-engines,  yet  there 
really  is  an  intimate  one,  for  it  is  all  but  certain  that  the  first  idea  of  these 
machines  as  now  made,  was  derived  from  Heron's  Spiritalia;-ju8t  as  the 
application  of  double  and  treble  forcing  pumps  in  modem  water-works, 
was  from  Vitruvius'  treatise  on  architecture.  The  printing  press,  there- 
fore, not  only  opened  the  literary  treasures  of  the  ancients  to  the  worid 
at  large,  which  had  previously  been  confined  to  a  few,  but  at  the  sam* 
time  it  made  us  acquainted  with  some  of  Jtheir  machinery  and  their  arts, 
that  had  long  been  forgotten  or  lost  sighFof. 

^Fire-engines  were  nearly  or  altogether  forgotten  in  the  middle  ages  : 
portable  syringes  seem  to  have  been  the  only  contrivances,  except  buckets, 
for  throwing  water  on  fires,  and  from  their  inefficiency  and  other  causes, 
their  employment  was  very  limited.  The  general  ignorance  which  then 
pervaded  Europe  not  only  prevented  the  establishment  of  manufactories 
of  better  instruments;  but  the  superstitions  of  the  times  actually  discouraged 
their  use.  There  is  not  a  more  singular  fact  (and  it  is  an  incontrovertmle 
one)  in  the  history  of  the  human  mind,  than  that  the  religious  doctrines 
and  opinions  of  a  large  portion  of  mankind  should  have  in  every  age 

Produced  the  most  deplorable  results  with  regard  to  conflagrations.  The 
^arsees,  Ohebres,  kc*  of  Asia,  and  other  religious  sects,  which  have  sub- 
sisted from  the  remotest  ages,  never  willingly  throw  water  upon  tire»— 
they  consider  it  criminal  to  quench  it,  no  matter  how  disastrous  the  result 
may  be :  they  had  rather  perish  in  it  than  thus  extinguish  the  emblem  of  the 
Deity  they  worship.  "  They  would  sooner  be  persuaded  to  pour  on  oyl 
to  increase,  than  water  to  assuage  the  flame. "^  Among  such  people  fira- 
engines  of  course  were  never  used.  Another  and  a  larger  part  of  the 
human  race  though  they  entertain  no  such  reverence  for  fire,  are  so 
far  influenced  by  the  pernicious  doctrine  of  FtUtdism^  as  to  make  little  or 
no  efforts  to  suppress  it.  They  look  upon  fires  as  the  act  of  Gtod  !  deter- 
mined by  him  !  and  therefore  conclude  it  useless  to  contend  with  him,  in 
attempting  to  extinguish  those  which  He  has  kindled  !  Hence  the  pro- 
verbial indifference  of  Mahommedans  in  the  midst  of  conflagrations.  What 

•  Ovingtoii*s  Voyages  to  Sanit  in  1689,  page  373. 
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Tonen  has  sajJ  of  Sumt  in  particular,  is  applicable  to  every  city  of  Asia 
and  v{  the  East.  **  Many  fine  buildine^s  have  been  destroyed  by  fire, 
which,  according  to  the  Mahommedan  doctrine  of  predestination,  it  is  io 
yain  to  withstand."  Of  the  Chinese,  by  i'ar  the  shrewdest  of  Asiatics.  Mr 
DskW.s  remarks,  "  The  foolish  notion  of  fatalism  which  prevails  among  the 
peop.e.  makes  them  sing^iilarly  careless  as  regards  fire  ;  and  the  frequent 
occurrence  of  accidents,  has  no  effect  upon  them,  although  the  fearful  con- 
flagration of  1822,  went  far  to  destroy  the  whole  city,"  (Cajiton.) 

The  miserable  delusions  which  ecclesiastics  established  in  Europe  during 
the  middle  ages  were  quite  as  preposterous,  and  equally  effective  in  par- 
alizing  the  energies  of  the  people.  It  is  difficult  to  reflect  on  them  without 
feeling  emotions  of  wonder  as  well  as  pity,  at  the  wretched  condition  of 
our  race  when  void  of  knowledge  ;  and  of  gratitude,  that  in  our  times  tho 
shackles  o£  ignorance  and  superstition  are  rapidly  rusting  away.  It  was 
a  common  belief  that  fires  (and  various  other  calamities)  were  induced  by 
^cked  spirits,  and  that  the  best  mode  of  removing  the  evils  was  by  driv- 
ing the  authors  of  them  away  I  •  These  intangible  workers  of  mischief, 
according  to  the  demonologistif  of  the  times,  C9nsisted  of  numerous  classes, 
and  the  labors  of  each  were  confined  to  certain  elements.  It  was  those 
who  roamed  in  the  air  that  were  the  greatest  incendiaries.  **  AeriaU 
spirits,  or  divells,  are  such  as  keep  quarter  most  part  in  the  aire  [they] 
cause  many  tempests,  thunder  and  .lightnings,  teare  oakes,^re  steeples, 
houses,'*  &c.  (See  Burton's  Anatomy  of  Melancholy.)  When  a  house, 
therefore,  was  on  fire,  the  priests,  instead  of  stimulating  by  their  exam- 
ple the  bystanders  to  exert  themselves  in  obtaining  water,  &c.  had  re- 
course to  the  images  and  pretended  relics  of  saints,  which  they  brought 
out  of  the  churches,  in  order  to  exert  their  influence  in  stopping  the  pro- 
gress of  the  flames,  and  expelling  the  invisible  authors  of  them.  The  pall, 
or  sacred  covering  of  the  altar,  was  also  frequently  carried  in  procession, 
to  contribute  to  the  overthrow  of  the  fiends.  But  when  a  church  itself 
took  fire,  (such  was  the  ignorance  of  the  times,)  the  people  then  heartily 
blasphemed  the  saint  to  whom  it  was  dedicated,  for  not  preventing  the 
mischief;  (Encyc.  Antiq.)  like  Sylla  abusing  the  image  oi  Apollo  when 
be  was  defeated  in  battle. 

Other  curious  but  popular  substitutes  for  water  and  fire-engines,  were 
church  Bells:  thesewere  consecrated  with  imposing  ceremonies.  They  were 
washed^'inside  and  out  with  holy  water — perfumed  with  censers — anointed 
with  sacred  oil— named  and  signed  with  the  cross,  that  devils  (says  the 
ritual)  "  hearing  this  bell  may  tremble  and  flee  from  the  banner  of  the 
cross  designed  upon  it."  Besides  striking  demons  with  horror  and  driving 
them  from  the  vicinity,  these  bells  had  the  wonderful  power  of  allaying 
storms,  tempests,  thunder  and  lightning,  and  extinguishing  fires;  and 
some  of  them  had  the  rare  gift  of  ringing  on  important  occasions  of  their 
own  accord.*  M.  Arago,  in  a  paper  on  Thunder  and  Lightning,  inquires 
(among  other  alledgcd  means  of  dissipating  thunder  clouds)  into  this  old 
superstition  of  "  Ringing  of  Bells ;"  and  he  cites  specimens  of  prayers, 
stiil  offered  up,  on  uieir  consecration,  according  to  the  Paris  Ritual,  **  O 
eternal  God  !  grant  that  the  sound  of  this  Bell  may  put  to  flight  the  fire 
strokes  of  the  enemy  of  man,  the  thunder  bolt,  the  rapid  fall  of  stones,  as 
"well  as  all  disasters  and  tempests."  In  the  **  Golden  Legend"  of  Wynken 
de  WorJe,  the  old  English  printer,  it  is  said  '*  the  evil  spirytes  that  ben 
in  the  region  of  th'  ay  re,  doubte  moche  when  they  here  the  Belles  ringen : 

*  See  m  pnrticnler  account  of  the  ceremonies  ofconsecratinj^  belU  as  witneised  by  the 
aatiior  of  "  Obaervationa  on  a  Jouiaey  to  Naples."    Lon.  1^91. 
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and  this  is  the  cause  why  the  Belles  ringen  whan  it  thondreth,  and  whaa 
grete  tempeste  and  rages  of  wether  happen,  to  the  end  that  the  feinds  ^md 
WYcked  spiryces  should  ben  abashed  and  flee,  and  cease  of  the  movynge 
or  tempeste.*'  The  following  lines  to  the  same  efifect,  are  from  Barnaby^ 
Gh>oge,  an  old  British  poet : 

If  that  the  thunder  chaunce  to  rore, 

And  utoriuie  tenipestei  shake, 
•  «•••• 

The  Clarke  doth  all  the  belles  forthwith 

At  once  iu  steeple  ring  : 
With  wondrous  sound  and  deeper  farra 

Than  he  was  wont  before. 
Till  in  the  loflie  heavens  darke, 

The  t^iunder  bray  no  more. 
For  in  these  chrisuied  belles  they  thinke 

Doth  lie  such  powre  and  mi|{hi 
As  able  is  the  leuipeste  f^reat. 

And  stomie  to  vanquMh  quighL 

The  application  of  bells  to  the  purposes  of  fire-engines  is  also  mentioLcJ 
by  Peter  Martyr,  in  his  **  Common  Places,"  a  work  dedicated  to  Queen 
Elizabeth.  Black  letter,  1583.  Speaking  of  things  consecrated  by  pa- 
pists in  common  with  the  ancient  heathen,  he  says  of  befU — '*  they  be 
washed,  they  be  annointed,  they  be  conjured,  they  are  named  and  handled 
with  fur  greater  pomp  and  ambition,  than  men  are  when  they  are  bap- 
tised, and  more  is  attributed  to  them  than  to  the  prayers  o{  godly  men. 
For  they  say,  that  by  the  ringing  of  them — ^the  wicked  spirits,  the  host  cf 
adversaries,  the  laying  await  of  enemies,  tern pestes,  hay le,  stormes,  whirl* 
windes,  violent  blastes  and  hurtfull  thunderclaps,  are  driven  away,  flames 
and  FIRES  are  eximguishcd,  and  finally  whatever  else  soever!"  Part  iv, 
cap.  9,  p.  125. 

There  is  no  small  ringing  of  bells  in  this  city  (New- York)  during  fires; 
but  their  unaided  effects  on  the  devouring  element,  ere  other  cneans  have 
arrived,  has,  we  believe,  been  but  small.  Few  have,  however,  been  con- 
secrated ;  but  as  from  one  to  two  hundred  Spanish  bells  have  recently 
been  sold  here,  (having  been  taken  from  the  convents  in  consequence  of 
the  civil  war  which  has  so  long  raged  in  that  country,)  tku  virtue  of  sacred 
bells  may  soon  be  tested.  Certainly,  if  they  can  do  a  moiety  of  tlie  good 
things  mentioned  above,  they  were  worth  much  more  than  forty  cents  per 
lb.  the  average  price  at  which  they  were  sold. 

We  have  had  recourse  in  a  few  instances  to  heraldry,  or  rather  to  the 
emblems  or  personal  devices  of  ancient  families,  for  information  respecting 
machines,  some  of  which  are  no  longer  in  use ;  as  the  eolipile,  and  tlie 
atmospheric  sprinkling  pot :  see  pages  261  and  396.  Besides  these  the 
syringe  and  the  bellows  have  also  been  adopted  on  such  occasions;  and  it 
may  be  here  observed  that  the  device  of  Galeae,  duke  of  Milan,  the  seccMul 
of  the  name,  was  a  brand  burning  and  two  fire  buckets.*  This,  although  no 
proof  that  machines  of  the  pump  kind  were  not  in  use  to  extinguish  fires 
m  Italy  during  the  15th  century,  is  an  indication  that  none  were  employed 
at  the  time  when  the  device  was  adopted. 

The  oldest  sketch  of  a  complete  set  of  apparatus  for  extinguishing  firs 
that  we  have  seen,  is  in  a  cut  representing  the  interior  of  a  laboratory  or 
smelting  furnace,  in  the  De  Re  Metallica  of  Agricola,  paee  308.  I'he 
implements  are,  a  syringe,  a  sledge  hammer,  t\yo  fire  ho<MLs  and  tiiree 
leathern  buckets  ;  conveniently  arranged  against  a  wall.  See  the  anni 
illustration.     These  figures  seem  to  have  escaped  the  notice  of 

*  I>eTioea  HeroTqaes.    A  I«yoM.  1577.  pace  50 
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and  subsequent  authors,  nor  is  this  surprising  since  they  form  a  very  smal*. 
and  obscure  part  of  the  original  engraving.  We  noticed  the  latter  several 
tnnes  before  observing  them.  The  syringe  was  made  of  brass  ;  it  is  de- 
signated siphunculus  ori- 
ckalceus,  cujus  usus  est  in 
mcendUs.  In  these  figures 
we  behold  all  that  was 
preserved  through  the 
middle  ages  of  ancient 
firemen's  machinery :  the 
engine  of  Heron  seems  to 
have  been  quite  forgotten. 
Indeed  the  syringe  itself 
was  not  generally  used  in 
Europe  till  late,  for  it  was 
not  till  the  close  of  the 
16th  century  that  "hand 
squirts,"  as  they  were 
named,  were  introduced 
into  London.  Previous  to 
that  time  watchmen,  buck- 
ets, hooks  and  ladders,  on- 

No.  !«.  FiMBe.'b  Apparattt.  from  Af  ricoU.  j^  ^^^  j^  ^^       Cutting 

aw^ay  with  axes  and  throwing  water  from  buckets  are  mentioned  (observes 
Foflbroke)  by  Petronius  and  Gervase  of  Canterbury.  The  owners  of 
houses  or  chimneys  that  took  fire  were  fined;  and  men  were  appointed  to 
watch  for  fires  and  give  the  alarm.  In  1472  a  night  bellman  was  em- 
ployed in  Exeter  to  alarm  the  inhabitants  in  case  of  fire,  and  in  1558, 
leadiem  buckets,  ladders  and  crooks,  were  ordered  to  be  provided  for 
the  same  city;  no  application  o£  the  pump  seems  to  have  been  then 
thought  of. 

Syringes  continued  to  bemused  in  London  till  the  latter  part  of  the  17th 
century,  when  they  were  superseded  by  more  perfect  machines.     An  ac- 
count of  them  and  the  mode  of  working  them  would  make  a  modem  fire- 
man smile.     They  were  usually  mode  of  brass  and  held  from  two  to  four 
quarts.     The  smaller  ones  were  about  two  feet  and  a  half  long,  and  an 
inch  and  a  half  in  diameter  ;  the  bore  of  the  nozsles  being  half  an  inch. 
TAree  mem  were  required  to  work  each,  which  they  achieved  in  this  man- 
ner :  two,  one  on  each  side,  grasped  the  cylinder  with  one  hand  and  the 
nozcle  ^th  the  other ;  while  the  tliird  one  worked  the  piston  !     Those 
who  held  the  instrument  plunged  the  nozsle  into  a  vessel  of  water,  the 
operator  then  drew  back  the  piston  and  thus  charged  the  cylinder,  and 
when  it  was  raised  by  the  bearers  and  in  the  required  position,  he  pushed 
in  the  piston  and  forced,  or  rather  endeavoured  to  force,  the  contents  on 
the  fire.     We  are  told  that  some  of  these  syringes  are  preserved  in  one 
or  two  of  the  parish  churches.     It  can  excite  no  surprise  that  London 
should  have  been  almost  wholly  destroyed  in  the  great  fire  of  1666,  when 
such  were  the  machines  upon  which  the  inhabitants  chiefly  depended  for 
protecting  their  property  and  dwellings.     If  the  diminutive  size  of  these 
instruments  be  considered,  the  number  of  hands  required  to  work  each» 
beside  others  to  carry  water  and  vessels  for  them,  the  difficulty  and  oflen 
inApossibility  of  approaching  sufficiently  near  so  as  to  reach  the  flames 
with  die  jet,  the  loss  of  part  of  the  stream  at  the  beginning  and  end  of 
each  stroke  of  the  piston,  and  the  trifling  effect  produced— the  whole  act 
of  usins:  them,  appears  rather  as  a  farce,  or  the  gambols  of  overgrown 
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bo^d  at  plaj,  than  the  well  directed  energies  of  men  to  subdue  the  raging 
element. 

In  Asia  syringes  have  probably  been  always  in  limited  use.  They  aie 
the  only  instruments  of  the  pump  kind  now  known  there,  if  China  be  ex« 
cepted.  Very  effective  engines  on  the  European  plan  are  made  by  the 
Chinese.     (Chinese  Repos.  vol.  iv.) 

The  fire-engine  of  the  Turks  is  an  improvement  on  the  syrmge,  but 
not  much  more  effective.  The  author  of  **  Sketches  of  Turkey"  observes, 
when  speaking  of  fires  in  Constantinople,  '*  Indeed,  when  we  afterwards 
saw  the  machines  used  by  the  Turks  to  extinguish  fires,  we  were  not  sur- 
prised at  the  feeble  resistance  which  they  could  oppose  to  the  progress  of 
the  devouring  element.  The  engines,  m  fact,  are  not  larger  than  those 
employed  with  us  to  water  ^^dens :  they  have  but  a  single  chamber, 
which  is  about  eight  inches  long  by  three  or  four  in  diameter  ;  they  are 
readily  carried  about  by  hand.''  Commodore  Porter,  in  his  interesting 
account  of '' Constantinople  and  its  Environs,"  says  their  fire-engines  "are 
like  those  we  use  in  our  gardens,  for  watering  the  beds  and  walks,  and  de- 
liver about  as  much  water  as  a  good  large  syringe.  When  an  alarm  of  fire 
is  given,  a  man  seizes  on  one  of  these  and  runs  to  the  spot  indicated,  with 
the  engine  on  his  shoulder,  another  brings  a  skin  of  water,  pours  it  into 
the  reservoir  and  they  pump  away."  A  characteristic  anecdote  is  thus 
facetiously  related  by  Commodore  Porter.  "  They  had  heard  of  the  fire- 
engines  and  fire  companies  of  the  United  States^-how  half  a  shingle  could 
be  burnt,  and  the  engines  save  the  other  half  from  the  flames.  They  could 
not  understand  it.  Mr.  Eckford  fortunately  arrived  ^vith  his  beautiful 
ship,  having  one  of  our  engines  on  board,  requiring  some  twenty  men  to 
work  it.  The  Capudan  Pacha  heard  of  it — *  Mash  Allah !  let  us  see  it,' 
exclaimed  the  old  man.  The  engine  was  brought  on  shore  and  placed  in 
the  Navy  Yard  ;  a  short  suction  was  fixed  to  it  and  put  into  the  Bospho- 
rus ;  men  were  set  to  work  it — ^the  Navy  Yard  was  soon  inundated,  and 
the  Bosphorus  began  to  run  .iry !  *  Mash  Allah  !'  said  he,  *  very  good 
—but  it  will  require  a  sea  to  supply  it  with  water.  It  won't  do  for  us, 
fer  there  is  no  sea  in  the  middle  oi  the  city.'  They  therefore  have  thought 
best  to  stick  to  their  squirts,  and  to  let  the  fire  spread  until  the  wuk) 
changes,  or  it  is  tired  of  burning." 

Sandys,  in  the  beginning  of  the  17th  century,  visited  Constantinople, 
and  speaks  of  the  frequency  of  fires  in  that  city  :  he  observes,  "  It  is  not  to 
be  marvelled  at,  for  the  citizens  dare  not  quench  the  fire  that  burneth  their 
own  houses,  because  officers  are  appointed  for  that  purpose."  He  is  si- 
lent respecting  the  instruments  then  used. 

When  the  useful  arts  began  to  excite  attention,  the  defects  of  portable 
syringes  were  too  apparent  to  be  neglected,  hence  in  the  early  part  of  the 
16th  century  several  attempts  were  made  to  remedy  them,  by  those  no- 
ble spirits  who  burst  through  the  prejudice  that  had  so  long  consigned 
the  subjects  of  practical  mechanics  to  the  mere  makers  of  machines,  as  one 
unworthy  of  a  philosopher's  pursuit;  and  from  the  cultivation  of  which 
no  distinction,  save  such  as  was  allied  to  that  of  a  skilful  artisan,  could 
be  derived— a  species  of  fame  from  which  professors  of  philosophy  shrunk, 
like  Plato,  with  feelings  of  horror.  To  render  the  syringe  an  efficient  fire- 
engine,  would  seem  to  be  impossible,  except  by  converting  it  into  a  forc- 
ing pump,  and  in  that  case  it  would  be  no  longer  a  syringe.  As  long, 
therefore,  as  such  an  idea  did  not  occur  to  engineers,  they  had  no  resouroe 
but  to  improve  the  "  squirt"  as  well  as  they  could  ;  and  however  hope- 
less the  task  may  now  appear,  it  was  not  only  attempted,  but  to  a  certain 
extent  accomplished,  and  with  considerable  mgenuity  too,  as  will  appev 
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from  the  following  figure.  No.  143.  It  is  described  in  Bobsod'b  '  The* 
tre,"  and  must  therefore  have  been  invented  provioiu  to  l&6d,  tbti  dote  od 
the  permisaion  to  print  his  work. 


No.  143.    8yrliit<  BifiH  frm  BwMk  A.  D.  IMK 

"  Propmition  De  L'Atttheur : — AitiRce  autant  eingulier  (comme  Jo 
•*  penae)  que  non  point  commun,  pourjecter  I'eiiu  contre  un  grand  feu, 
"  mesmement  lora  que  pour  la  grandeur  de  la  flamrae,  nul  ne  pent  entrer 
"  ny  apjirocher  di;  la  maison  qui  brusle.  DeclartUiiM  de  la  metme^^gvre  i 
"  Cest  instrument,  qui  eat  faict  en  forme  de  Cone,  se  soustienl  Bur  deux 
"  Rnu€9  :  ayant  sa  bouche  ^ 
' "  base  il  y  a  des  deiui  cerclea,  <_ 
"  tage  vers  ea  dicte  bouche  septentrionale  est  un  Entonnoir,  pour  y  verser 
'  I'eau  dedans :  et  en  sa  base,  ou  bien  partie  roeridionale,  est  une  vis,  dont 
"  est  pousse  dedans  et  reculi^  un  Boston  auquel  sont  des  Estouppes,  aiiu' 
"  qu'auE  siringuea.      Le  reste  appert."  t 

In  reading  the  above,  it  should  be  remenicierod  that  Ulttrt  of  rrferenee 
to  designate  the  different  parts  of  machines  were  not  then  in  general  use, 
but  the  aides  and  angles  of  the  pages  were  marked  with  various  points  of 
the  compasB  ;  and  particular  parts  pointed  out.  by  their  position  with  r«- 
gard  to  these,  and  by  the  intersection  of  lines  drawn  between  them.  la 
this  engine  several  defects  of  the  "  hand  squirts"  are  avoided  ;  as  the  ne- 
cessity i>f  inverting  the  instrument  to  refill  it  by  plunging  the  nozsle  into 
the  vessel  of  water,  the  small  quantity  containea  in  the  former,  and  the 
consei^uently  incessant  repetition  of  the  o|>eration  and  interruption  of  th« 
jet,  and  the  difficulty  of  directing  it  on  the  flames  with  certainty  or  preci- 
aion.  Bcssnn,  (if  he  was  the  inventor,]  therefore,  greatly  enlarged  th« 
capacity  of  the  cylinder,  making  it  sulHcient  to  contain  a.  barrel,  or  more ; 
and  as  a  matter  of  necessity,  placed  it  on  a  carriage.  To  eject  the  water 
uniformly,  he  moved  the  piston  by  a  screw  ;  and  when  the  cylinder  was 
emptied,  it  was  refilled  through  the  funnel  bv  on  attendant,  as  the  piston 
^ras  dVawn  back  by  reversing  the  motion  of  the  ctitnk.  When  recharged, 
the  stop  cock  in  the  pipe  of  the  funnel  was  closed  and  the  liquid  forced 
out  OS  before.  As  flexible  pipes  of  leather,  the  "  ball  and  socket"  and 
"  goose-neck"  joints  had  not  been  introduced,  some  mode  of  changing 
tht  direction  of  the  jtt  of  this  enormous  syringe  was  necessary.     To  effect 


this,  it  is  represented  as  suspended  on  pivots,  which  rest  in  two  upright 
posts  ;  to  these  are  secured  (see  figure)  two  semicircular  straps  of  iron, 
whose   centres   coincide  with   the  axis,  or  pivots,  on  which   Uie   syringe 


A  number  of  holes  are  made  in  each,  and  are  so  arranged  a 
Opposite  each  other.  A  bolt  is  passed  through  two  of  these,  and  also 
dirough  a  similar  hole,  in  a  piece  of  metal,  that  is  (irmly  secured  to  the 
Dpper  part  of  the  open  end  of  the  cylinder ;  and  thus  holds  the  latter  in 
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any  position  required  The  iron  frame  to  which  the  box  or  female  part 
of  the  screw  is  attached,  is  made  fast  to  the  cylinder ;  and  it  is  through  a 
projecting  piece  on  the  end  of  this  frame  that  the  bolt  is  passed.  By 
these  means,  any  elevation  could  be  given  to  the  nozzle,  and  the  syringe 
could  be  secured  by  passing  the  bolt  through  tlje  piece  just  mentioned, 
and  through  the  correspondmg  holes  in  the  straps.  When  a ^^ro/ chaiign 
in  the  jet  was  required,  the  whole  machine  was  moved  by  a  man  at  the 
end  of  the  pole,  as  in  the  figure.  To  the  frame,  jointed  feet  were  attach- 
ed, which  were  let  down  when  the  engine  was  at  work.  The  women 
represented  (one  only  is  given  in  our  figure)  reminds  us  of  a  remark  by 
Fosbroke :  *'  In  the  middle  ages  during  fires  women  used  to  fetch  water 
in  brazen  pails  to  assist.'*  Considering  the  age  when  this  engine  was 
devised  and  the  objects  intended  to  be  accomplished  by  it,  it  certainly 
has  the  merit  of  ingenuity  as  well  as  originality.  Beroald  says  of  it : 
'*  Ceste  noble  invention  est  si  souvent  requise,  pour  esteindre  les  grand 
feux  desquels  on  ne  pent  approcher ;  que  sans  faute  elle  merite  d'estre 
plus  au  long,  et  plus  ouvertement  expliquee,  a6n  qu*elle  soit  mieux  en- 
tendue."  It  will  be  obvious  to  every  practical  mechanic  that  engines  of 
this  kind,  of  large  dimensions,  must  have  been  at  best  but  poor  affairs.  To 
make  the  piston  work  sufficiently  accurate  and  tight,  and  to  keep  it  so. 
must  have  l«een  a  work  of  no  small  difficulty. 

A  correspondent,  in  a  late  number  of  the  Lon.  Mechanics'  Magazine, 
▼ol.  XXX,  has  communicated  a  very  imperfect  figure  of  this  engine  to  that 
work,  extracted  from  an  English  book,  published  in  ]590,  entitled  "A 
Treatise  named  Lucarsolacb,  divided  into  four  books,  which  in  part 
are  collected  out  of  diverse  authors,  diverse  languages,  and  in  part 
devised  by  Cyprian  Lucar,  Gentleman."  London :  1590.  It  is  very 
obvious  that  Lucar  copied  the  engine  in  question  from  Besson's  work, 
which  was  published  in  1579,  but  was  authorized  to  be  printed  in  1568 ; 
and  which  Besson*s  death  then  prevented.  The  following  extract  from 
Lucar's  book  is  not  without  interest.  "And  here  at  the  end  of  this  chapter 
I  will  set  before  your  eyes  a  type  of  a  *  squirt*  which  hath  been  de- 
vised to  cast  much  water  upon  a  burning  house,  wishing  a  like  squirt  and 
plenty  of  water  to  be  al waies  in  a  readinesse  where  fire  may  do  harme ;  for 
this  kind  of  squirt  may  be  made  to  holde  an  hoggeshed  of  water,  or  if  you 
will,  a  greater  quantity  thereof,  and  may  be  so  placed  on  his  frame,  that 
with  ease  and  a  smal  strength,  it  sahl  be  mounted,  imbased  or  turned  to 
any  one  side,  right  against  any  fired  marke,  and  made  to  squirt  out  the 
water  upon  the  fire  that  is  to  be  quenched." 

The  Germans  were  proverbially  in  advance  of  the  rest  of  Europe  in 
the  15th,  16th  and  17th  centuries,  m  almost  every  department  of  the  arts. 
"  The  excellency  of  these  people  [observes  Heylin  in  his  Cosmography] 
lieth  in  the  mechanic  part  of  learning,  as  being  eminent  for  many  mathe- 
matical experiments,  strange  wnler-tcorks,  medicinal  extractions,  chemistry, 
the  art  of  printing,  and  inventions  of  like  noble  nature,  to  the  no  less  be- 
nefit than  admiration  of  the  world."  As  early  as  A.  D.  1518,  some  kind 
of  fire-engines  were  used  in  Augsburg,  being  mentioned  in  the  building 
accounts  of  that  city.  They  were  named  "  instruments  for  fires,"  and 
**  water  syringes  useful  at  fires."  Their  paiticular  construction  is  unknown ; 
but  from  a  remark  in  the  accounts  respecting  wheels  and  poles,  they  are 
supposed  to  have  been  placed  on  carriages :  they  were  probably  ?arge 
syringes  and  mounted  like  the  one  represented  in  me  last  figure. 

The  oldest  pump  engines  of  modem  times  were  certainly  made  in  Qer* 
many,  and  about  the  close  of  the  16th  or  1  eginning  of  the  next  centuty. 
The  first  one  noticed  by  Beckman  is  that  of  Hautsch,  which  the  Jecait 
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Schottus  saw  tried  at  Nuremberg  in  1656.  In  giving  an  account  of  it, 
Scbonus  remarks  that  the  invention  was  not  then  new,  it  being  known  in 
Other  cities,  and  he  himself  remembered  having  seen  a  small  one  in  his 
native  city  (Konigshofen)  forty  years  before,  consequently  about  1617. 
We  are  not  informed  by  either  the  professor  or  Jesuit  of  the  particular 
construction  of  this  stnali  engine,  but  there  is  a  book  extant  that  was  pub 
lished  in  1615,  which  contains  a  figure  and  description  of  a  German 
engine  of  that  time,  and  which  furnishes  the  information  desired.  This 
book  is  the  "Forcible  Movements"  of  Decaus,  el  work  which,  like  the 
Theatre  des  Instrumens  of  Besson,  escaped  the  notice  of  Beckman.* 


This  machine  is  named  "  A  rare  and  necessary  Kngin,  by  which  you 
may  give  great  rellefe  to  houses  that  are  on  fire  ;"  we  give  the  whole  of 
the  explanation  ;  "  This  engin  is  miicA  practiced  in  Germany,  and  it  hath 
been  sean  what  great  and  ready  help  it  may  bnng ;  for  although  the  fire 
be  40  foot  higli.  the  said  engin  shall  there  cast  its  water  by  help  of  four 
or  five  men  lifting  up  and  putdng  down  a  long  handle,  in  form  of  a  lever, 
wVere  the  handle  of  the  pump  is  faatned  :  the  said  pump  is  easily  un- 
derstood :  there  are  twn  suckers  [vajves]  within  it,  one  below  \Q  open  when 
the  handle  is  llfieil  up.  and  to  shut  when  it  is  put  down  ;  and  another  to 
open  to  let  out  the  water :  and  at  the  end  of  the  said  e:igin  there  is  a  man 
■which  holds  the  copper  pipe,  turning  it  to  and  again  to  the  place  where 
the  fire  shall  be.''  In  other  words,  this  was  a  single  forcing  pump,  such 
M    figut^d   at  No.  118,  and   secured  in  a  tub.     For   the   convenience   of 

*  or  Oecfliiit'  liixtory  •cnrcrly  any  thinfc  is  knonn— even  hi*  nnme  is  led  in  doubt,  for 
he  ia  ■ometiinvs  iiuined  ttnak,  al  otliere  Sulamon  de  Call*.  .An  oRcnutit  or  hi*  book  mitj 
htt  iieeu  in  Siii.tn's  AiiGcdnlei' ofthe  SliiirvKn^iiie,  vol.  i,  p.  ^.  But  tliere  leenLi  to  b« 
■II -error  in  Die  note  f\\fii  of  the  EnfMsh  iranslalion  by  LeaU,  which  ii  <tsted  to  have 
been  niaHK  in  ITO',  N>liereuB  the  copy  in  our  possemion  ia  dated  nearly  Hny  J^an  csr- 
lier.  It  IB  «niilled  "  Nuw  and  rare  inveniiona  of  IValer-worka,  aliewing  the  euiert 
waiea  lo  raiM  wsler  hicher  than  the  iprini; ;  by  nhich  inventinn  the  peipetual  mMiOH 
■■  proposed,  msay  hard  labaurt  perfamied  and  Tarinliea  of  molioii*  and  sound*  prn 
rfneod.  A  work  both  nseruil,  profitable  and  delighlfiill  Tor  all  sorta  of  people :  iiiM 
wiillen  in  Frenrh  by  Uaak  d»  Cams,  a  late  Tamona  En^nier.  and  now  (raiwlated  into 
Eiv'"''  ^J  Jo'"'  L«>k-"    London :  printed  by  and  for  Joseph  Hoion.  165!). 
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transportation  the  whole  was  placed  on  a  sled,  and  dragged  to  a  fire  by 
ropes.  The  bore  of  the  forcing  pipe  seems  to  have  been  small  comparod 
with  that  of  the  pump  cylinder,  a  circumstance  combined  with  the  long 
lever  and  the  number  of  men  employed  in  working  the  latter,  that  contri- 
buted to  increase  the  elevation  of  the  jet.  This  machine  exhibits  a  de» 
cided  improvement  on  tlie  primitive  syringe,  and  constitutes  a  great  step 
towards  Uie  modem  engine.  In  the  short  angular  tube  to  which  the  jet 
pipe  is  attached,  we  behold  the  germ  of  the  more  valuable  eoose-neck. 

Notwithstanding  the  superiority  of  pump  engines  over  the  syiinge,  many 
years  elapsed  before  they  were  generally  adopted.  "  The  English  [ob- 
serves a  British  writer]  appear  to  have  be^  unacquainted  with  the  pro- 
gress made  by  the  German  engineers ;  or  to  have  been  very  slow  in 
availing  themselves  of  their  discoveries,  for  at  the  close  of  the  16th  cen- 
tury ''  /land  squirts'*  were  first  introduced  in  London  for  extingiushing 
fires ;  and  it  was  not  till  the  beginning  of  the  next,  that  they  began  to 
place  them  in  portable  and  larger  reservoirs — ^when  placed,  in  the  laccer 
and  worked  by  a  lever,  the  engines  thus  obtained  were  considered  a  great 
mechanical  achievement ;  for  when  in  1633,  three  of  them  were  taken  to 
extinguish  a  large  fire  on  London  bridge,  they  were  considered  "  such 
excellent  things,  that  nothing  that  was  ever  devised  could  do  so  much 
good,  yet  none  of  them  did  prosper,  for  they  were  all  broken."  The  ob- 
servation that  **  hand  squirts"  or  syringes  were  placed  in  reservoirs  and 
then  worked  by  a  lever  is  not  strictly  correct :  they  were  small  forcing 
pumps  that  were  employed.  A  syringe  could  not  act  at  all  if  permanently 
fixed  in  a  vessel,  because  it  discharges  the  water  through  the  same  orifice 
by  which  it  receives  it.  Some  improvezner«ts  were  made  on  fire-engines 
by  Greatorix  in  1656,  as  mentioned  by  Evclyn  :  what  they  were  is  iA)t 
known.  The  probability  is,  that  they  relate  i  to  the  carnage  or  sled.  If 
his  engines  were  the  same  that  were  advertised  in  1 658,  this  was  the 
case,  for  they  were  recommended  as  "  more  traversable  in  less  room,  and 
more  portable  than  formerly  used."     Fosbroke's  Encyc.  Antiq. 

But  the  fire-engine  as  thus  improved  had  still  many  imperfections  :  the 
water  was  projected  in  spurts  as  from  a  syringe ;  and  the  jet  not  only 
ceased  with  the  stroke  of  the  piston,  but  a  portion  of  the  water  was  in 
consequence  lost  by  falling  between  the  fire  and  engine  at  the  termination 
of  each  stroke.  An  obvious  mode  of  rendering  the  jet  constant  was  by 
connecting  two  pumps  to  one  discharging  pipe,  (as  in  the  figure  of  Heron's,) 
and  workmg  the  pistons  alternately  either  by  a  double  lever  or  two  single 
ones.  This  was  first  adopted  by  the  old  German  engineers,  and  thus 
another  step  was  taken  towards  perfecting  these  useful  instruments.  In- 
stead of  a  circular  tub,  a  square  box  or  cistern  was  adopted  and  mounted 
on  four  solid  wheels  in  place  of  a  sled ;  and  a  strainer,  or  false  bottom, 
perforated  with  numerous  small  holes,  was  placed  within  the  cistern  to 
prevent  gravel  or  dirt,  thrown  in  with  the  water,  from  entering  the  pump, 
duch  appear  to  have  been  the  best  fire-engines  in  England  when  the 
srreat  fire  in  London  occurred  in  1666.  They  are  referred  to  in  the  official 
account  of  the  fire,  dated  MHiitehall,  September  8th,  of  the  same  year— 
**  this  lamentable  fire  in  a  short  time  became  too  big  to  be  managed  hyany 
engines.'*  But  nothing  can  show  their  general  inefficiency  in  a  stronger 
light  than  the  measures  adopted  by  the  city  government  the  following  year 
to  guard  against  a  similar  calamity.  Instead  of  relying  upon  engines,  they 
seem  to  have  retained  their  confidence  in  the  old  syringe. 

1.  By  an  act  of  the  Common  Council,  the  city  was  divided  into  four 
districts,  and  "  each  thereof  was  to  be  provided  with  eight  hundred  lea- 
thern buckets — ^fifty  ladders,  of  different  sizes,  from  twelve  to  forty-two 
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feet  in  length—- ^100  brazen  hand  squirts  to  each  parUb— (bur-and-twenty 
pickax  sledges — and  forty  shod  shovels. 

2.  That  each  of  the  twelve  companies  provide  themselves  with  an  en" 
^M^— ^thirty  buckets — three  ladders — six  pickax  sledges — and  two  hand 
squirts;  to  be  ready  upon  all  occasions.  And  the  inferior  companies  sucli 
a  number  of  tmall  engines  and  buckets,  as  should  be  allotted  Uiem  by  tiie 
Lord  Mayor  and  court  of  Aldermen. 

3.  That  the  Aldermen  passed  the  office  of  Shrievalty^  do  provide  their 
several  houses  with  four-and-twenty  buckets,  and  one  /iond  squirt  each 
and  those  who  have  not  served  that  office,  twelve  buckets  and  one  huna 
squirt  each. 

4.  And  for  the  effectual  supplying  the  engines  and  squirts  with  water 
pumps  were.to  be  placed  in  all  wells ;  and  fire  plugs  in  the  several  main 
pipes  belonging  to  the  New  River  and  Thames  Water-works.^'  Maitland. 

The  oldest  account  of  English  fire-engines  that  we  have  seen  is  in  a 
small  old  quarto  in  our  possession,  the  title  page  of  which  is  wanting. 
From  two  poetical  addresses  to  the  author,  it  appears  that  the  initial  let- 
ters of  his  name  were  I.  B.,  and  that  the  work  was  entitled  "  A  Treatise 
on  Art  and  Nature."  Two  thirds  of  it  are  occupied  with  '*  water- works," 
and  the  rest  with  " fier- works,"  except  four  or  five  pages  "on  voyces,  cals, 
cryes  and  sounds  ;**  t.  e,  on  making  of  whistles,  &c.  for  sportsmen  to  imi- 
tate the  voices  of  certain  birds  and  other  game.  The  date  of  publication 
was  about  1634 :  this,  we  infer  from  page  51,  where,  speaking  of  "  The 
engin  near  the  north  end  of  London  bridge,  [he  observes]  which  engin  1 
circumspectly  vieued  as  I  accidentally  passed  by,  imnicdiately  after  tha 
tote  tier  that  was  upon  the  bridge.  Anno  1G33."  Shops  and  dwelling 
houses  were  built  on  both  sides  of  the  bridge  at  that  time. 

After  describing  several  modes  of  raising  water  by  sucking,  forcing  and 
chain  pumps,  he  continues :— *'  Having  sufficiently  spoken  concerning 
mils  and  engins  for  mounting  water  for  meer  conveyance,  thence  we  may 
derive  divers  squirts  and  petty  engins  to  be  drawn  upon  wheelcs  from 
place  to  place,  for  to  (|aench  fier  among  buildings  ;  the  use  whereof  hath 
been  found  very  commodious  and  profitable  in  cities  and  great  townes." 
Hence  engines  were  at  this  time  not  uncommon  in  England.  No  less 
than  seven  are  figured  by  the  author,  and  all  are  placed  in  cisterns  or  tubs 
mounted  on  wheels :  neither  air  vessels  nor  hose  pipes  are  described  or 
mentioned.  Five  of  the  engines  consist  of  single  cylinders;  of  these  some 
are  in  a  perpendicular  position,  others  are  laid  horizontally,  and  one  is 
inverted,  and  fed  by  a  branch  pipe  covered  by  a  valve.  The  last  one  figured 
has  two  horizontal  cylinders,  a  suggestion  of  the  author's,  and  the  piston 
rods  are  shown  as  worked  alternately  by  pallets  or  arms  on  a  vertical 
shaft,  to  which  a  reciprocating  rotary  movement  was  imparted  by  pushing* 
a  horizontal  lever  to  and  fro.  One  of  these  old  fire-engines  is  a  species 
of  bellows  pump,  the  construction  of  which  we  will  endeavour  to  explain: 
Two  brass  vessels  were  connected  at  their  open  ends  to  a  bag  of  lea- 
ther :  they  resemble,  both  in  shape  and  size,  two  men's  hats,  the  linings 
of  which  being  pulled  out  and  sewed  together  form  a  cylindrical  bag 
between  them.  A  circular  opening,  six  or  seven  inches  in  diameter,  was 
made  through  a  horizontal  piece  of  plank  fixed  in  the  cistern  of  the  engine, 
and  over  this  opening  one  of  the  vessels,  w4th  its  crown  upwards,  was 
placed,  and  made  fast  by  screws  through  the  rim :  the  other  vessel  being 
suspended  from  it  by  the  bag  and  hanging  loosely  in  the  water.  Within 
the  lower  vessel  (in  the  centre  of  its  bottom)  a  valve  opening  upwards  ad- 
nnUted  the  water,  and  on  the  top  or  crown  of  the  upper  vessel,  another 
▼alve,  also  opening  upwards,  was  placed.    Over  the  last  valve  the  base  c( 
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the  jet  pipe  was  secured.  To  work  this  machine,  the  rim  of  the  lower 
vessel  was  connected  at  opposite  points,  by  two  iron  rods  or  slings  and  a 
cro&s  head,  to  the  end  of  a  lever,  by  which  the  lower  vessel  was  moved  up 
V)d  down— compressing  the  bag  when  raised,  and  stretching  it  to  its 
natural  length  when  lowered ;  like  the  lantern  bellows  No.  105,  or  the  bel* 
lows  pump  No.  106.  To  make  the  vessel  rise  and  fall  perpendicularly, 
the  two  rods  were  passed  through  holes  in  the  plank.  Water  was  kept 
in  the  cistern  as  high  as  the  plank;  so  that  when  the  movable  vessel  wu 
raised  the  contents  of  the  bag  would  be  forced  into  the  upper  vessel  ami 
expelled  through  the  jet  pipe,  and  when  it  was  again  lowered,  the  water 
would  enter  through  its  valve  and  fill  both  as  before.  These  engines:.  b«> 
observes,  had  sometimes  two  levers  and  were  worked  by  two  men,  *'  the 
lower  brasse  [vessel]  being  poysed  with  two  sweeps." 

The  goose-neck  was  used  in  England  at  this  time.  It  is  not  represented 
in  the  ngures,  which  are  ver^  indifferently  executed,  but  is  sufficiently 
well  defined  in  the  description  of  one  of  the  engines.  The  author  directs 
a  hollow  ball  to  be  placed  on  the  orifice  of  the  forcing  pipe,  **  having  a 
[jet]  pipe  at  the  top  of  it,  and  made  to  screw  another  pipe  [elbow]  upon 
It,  to  direct  the  water  to  any  place'* 

Small  or  Jiand  engines  continued  to  be  employed  in  London  in  the  18di 
century.  This  appears  from  a  law  passed  in  the  6th  year  of  Queen  Anne't 
reign,  by  which  it  was  enacted  that  "  each  parish  shall  keep  a  large  en- 
gine, and  an  hand  engine ^  and  a  leather  pipe,  and  docket  of  the  same  slse 
as  the  plug  or  fire  cock,  [of  the  water  mams,]  that  the  socket  may  be  put 
into  the  pipe  to  convey  the  water  clear  to  the  engine,"  under  a  penalty  of 
ten  pounds.  In  case  of  a  fire,  the  first  person  who  arrived  with  a  parish 
enc^ne  to  extinguish  it  was  entitled  to  thirty  shillings — the  second  twenty, 
and  the  third  ten,  provided  the  engines  were  in  good  order,  *'  with  a  socket 
or  hose,  or  leather  pipe."  The  following  year,  the  owners  or  keepers  of 
"  other  large  engines,"  (not  parish  engines,)  were  entitled  to  the  same 
reward  upon  arriving  with  them  and  assisting  in  extinguishing  a  fire. 

It  is  a  singular  proof  of  the  general  ignorance  of  hydraulic  machinery, 
or  want  of  enterprise  in  London  pump  makers  of  the  16th  and  17th  cen- 
turies, that  they  so  long  continued  the  use  of  **  squirts"  and  engines  with 
single  cylinders,  when  they  had  daily  before  their  eyes  in  the  Thames 
Water-works  examples  of  the  advantages  of  combining  two  or  more  to 
one  pipe.  The  application  also  of  such  machines  as  fire-engines  was  ob- 
viously enough  shown  to  them ;  for  when  Maurice  had  finished  his  labors 
in  1582,  the  mayor  ano^dermen  went  to  witness  an  experiment  with  his 
pumps  at  London  bridge :  "  and  they  saw  him  throw  the  water  over  Saint 
Magnus's  steeple,  before  which  time  [says  Stow]  no  such  thing  was  known 
in  England  as  this  raising  of  water."  Immediately  subsequent  to  the  above 
'date,  the  ''  squirt"  manufacturers  might  surely  have  imitated  Maurice's 
machine,  but  they  did  not  for  nearly  a  hundred  years  afterwards;  that  is, 
not  until  such  engines  had  been  introduced  a  second  time  from  Grermany, 
and  designed  expressly  to  put  out  fires. 

Before  the  improvements  of  Newsham  and  his  contemporaries  of  the 
18th  century,  some  important  additions  would  seem  to  have  been  made 
in  England,  since,  previous  to  1686  "  the  engine  for  extinguishing  fire" 
was  claimed  as  an  English  invention.  This  is  stated  in  a  small  volume  pub- 
lished that  year  in  London  by  John  Harris,  and  apparently  edited  by  h»m« 
It  is  entitled  ''  A  pleasant  and  compendious  history  of  the  first  inventers 
and  instituters  of^  the  most  famous  arts,  misteries,  laws,  customs  and 
manners  in  the  whole  world,  together  with  many  other  rarities  and  re- 
narkable  things  rarely  made  known,  and  never  Defore  made  publir  :  to 
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which  if  added  several  carious  inventions,  peculiarly  attributed  to  Eng* 
land  and  English  men."  We  shall  offer  no  apology  for  closing  this  chap- 
ter with  the  following  abstract,  although  the  concluding  part  only  refers  to 
our  subject.  "  Fine  Spanish  needles  were  first  made  in  England  by  a 
Negro  m  Cheapside,  who  refused  to  communicate  his  art ;  but  in  the 
eighth  year  of  Queen  Elizabeth's  reign,  Elias  Corous,  a  German,  made 
it  known  to  the  English.  About  the  fifth  year  of  Queen  Elizabeth,  the  way 
of  making  ^fw  was  found  out  by  the  English,  which  before  were  brought 
in  by  strangers  to  the  value  of  60,000  pound  a  year.  Watches  were  the 
invention  of  a  German,  and  the  invention  brought  into  England  Anno  1580. 
The  famous  inventers  and  improvers  were  Cornelius  van  Dreble  and 
Janus  Torrianellus.  The  first  clocks  were  brought  into  England  much 
aboiit  the  same  time.  Chaines  for  watches  are  said  to  be  the  invention  of 
Mr.  Tomackee.  The  engine  for  clock  wheels  is  an  English  invention  of 
about  one  hundred  years  standing,  as  likewise  that  for  the  speedy  cutting 
down  wheels  for  watches.  Other  late  inventions  there  are,  to  whofn  as 
tlieir  inventers  the  English  lay  claime,  as  an  engine  for  raising  glass,  an 
engine  for  spinning  glass,  an  en^ne  for  cutting  tobacco,  the  routing  press, 
the  art  of  damasking  linnen,  and  watering  of  silks,  the  way  of  separating 
gold  from  silver  and  brass,  boulting  mills,  making  caine  chairs,  the  curious 
art  of  colouring  and  marbling  books,  making  of  horn  ware,  and  the  engine 
to  extingitukjire,  and  the  Uke.*' 
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The  fire-engine  mentioned  in  the  previous  chapter,  which  Schottus  wit- 
nessed in  opei^tion  at  Nuremberg  in  1656,  appears  to  have  been  equal  u> 
any  modem  one  in  the  effects  ascribed  to  it,  since  it  forced  a  column  of 
water,  an  inch  in  diameter,  to  an  elevation  of  eighty  feet.  One  Grerman 
author  says  a  hundred  feet.  It  was  made  by  John  Hautsch,  who,  like 
most  of  the  old  inventors,  endeavored  to  keep  the  construction  of  his 
machine  a  secret.  He  reused  to  allow  Schottus  to  examine  its  interior  ; 
though  the  latter  it  is  said  readily  conceived  the  arrangement,  and  from 
his  accoimt  it  has  been  supposed  the  cylinders  were  placed  in  a  horiaontal 
position.  The  cistern  that  contained  the  pumps  was  eight  feet  long,  two 
m  breadth,  and  four  deep ;  it  stood  on  a  sled  ten  feet  in  length  and  four  in 
width,  and  the  whole  was  drawn  by  two  horses.  The  levers  were  so  ar- 
ranged that  twenty-eight  men  could  be  employed  in  working  them.  The 
manufacture  of  these  engines  was  continuea  by  George  Hautsch,  the  son, 
who  is  supposed  to  have  made  improvements  m  them,  as  some  writers  a» 
cribe  the  mvention  of  fire-engines  to  him. 
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In  die  l&h  t^ntnry  no  place  couiil  have  furnished  equal  faciljtiea  wltb 
Nuremberg  for  the  fabrication  of,  and  making  experiraenu  with,  hydraulic 
machines.  It'wan  at  that  time  the  Birmingham  of  Europe.  "  Nuremberg 
bras«"  wai  celebrated  for  ages.  Its  mecnanics  were  so  numerous  that, 
for  fear  nf  tuiaulu,  they  were  not  allowed  to  assemble  in  public  "  eKcept 
at  worship,  weddings  and  funerals."  No  other  place,  observes  an  old 
writer,  had  "  so  great  a  number  of  cunous  workmen  in  all  metals."  The 
Hautschs  seem  to  have  been  favorites  with  tlie  genius  of  invention  that 
presided  over  the  city  ;  an  aptitude  ibr  and  an  inclination  to  pursue  m» 
chanical  researches  were  inherited  by  the  family.  From  a  remark  of  Dr. 
Agricola  of  Rariijbon,  in  his  cunous  work  on  Gtardening,  we  team  that 
one  of  them  did  not  contine  himself  to  devices  for  throwing  streams  of 
water  into  the  air  ;  for  he  contrived  a  machine  by  means  of  which  he  iif 
tended  to  raise  himself  into  the  upper  revolts.  "  What  can  be  more  ridi- 
culous [exclaims  the  author  juat  named]  than  the  art  of  flying,  sailing 
or  swimming  in  the  air  1  Yet  we  find  there  have  been  some  who  hart 
practiced  it,  particularly  one  HaiUtch  of  Nuremberg,  who  is  much  snoiieii 
of  for  his  ^ying  engine.  In  the  mean  time  it  is  well  for  the  wurni  that 
these  attempts  have  not  succeeded;  for  how  should  we  seize  malefactursl 
They  would  Ry  over  the  walls  of  towns  like  Apelles  Vocalea.  who  thev 
tell  us  saved  himself  by  flying  over  the  walls  of  Nuremberg,  and  the  print 
of  whose  feet  Is  there  shown  to  strangers  to  this  day."  The  art  of  fly- 
ing was  a  standard  subject  with  Nuremberg  mechanics  for  centuries, 
and  several  curious  results  are  recorded,  but  perhaps  nothing  more  m 
dun  the  above  objection  to  it. 


Fr>r  nearly  a  hundred  years  aOer  the  date  of  Hautsch's  engine  thoee 
used  throughout  Europe,  with  the  exception  perhaps  of  a  few  cities  ia 
Germany,  were  very  sjinilar  to  those  described  by  Betidor,  as  employed 
in  France  in  his  time.  They  consisted  simply  of  two  pumps  placed  in  a 
chest  or  cistern  that  was  moved  on  wheels  or  sleds,  and  sometimes  carried 
by  men  like  the  old  sedan  chair.  These  engines  differed  from  each  other 
only  in  their  dimensions  and  the  modes  of  working  them.  Nos.  lib  and 
146  will  oonvey  a  pretty  correct  idea  of  them  during  the  early  part 
oftlie  IStli  century.  Thefurmer  belonged  to  Strasbourg,  the  latter  to  VprMi. 
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The  front  part  of  the  cistern  in  which  the  pumps  are  fixed,  is  separated 
by  *  perforated  board  from  &e  hinder  pan,  into  which  the  water  was 
ponred  from  buckets.  The  cjrlinders  were  four  inches  in  diameUir,  and 
the  pistons  had  a  stroke  of  ten  inches.  Each  pump  was  worked  hy  a  sepa- 
rate lever,  A  A;  an  injudicious  plan,  since  a  very  few  hands  could  be 
employed  on  each  ;  and  as  the  engine  had  no  fdr  vessel  it  was  necessary, 
in  order  to  keep  up  the  jet,  that  the  piston  should  be  raised  and  depi'eiaed 
■Itemately — a  condition  not  easily  performed  by  individuals  unused  to  the 
operation,  and  acting  under  the  excitement  of  a  spreading  conflagration. 
The  contrivance  for  changing  the  direction  of  the  jet  was  very  defective, 
and  considering  the  date  of  this  engine  it  is  aurprising  that  such  a  one  was 
then  in  use.  A  short  leathern  pipe  would  have  been  muiih  better.  It 
will  be  perceived  that  the  jet  pipe  is  connected  to  the  perpendicular  or 
fixed  one  by  n  single  elbow,  instead  of  a  double  one,  like  the  ordinary 
goose-neck.  The  joints  were  also  made  differently,  ^'he  short  elbow 
piece  had  a  collar  or  ring  round  each  end,  and  the  jet  and  perpendicular 
pipes,  where  they  were  united  to  the  elbow,  the  same.  '  The  faces  of 
these  collars  were  made  smooth,  so  as  to  Rt  close  to  and  at  the  same  time 
turn  on  each  other  :  loose  flanches  on  the  pipes  were  bolted  to  others  on 
tbi-  elbow,  and  thus  drew  the  collars  together  so  as  to  prevent  water 
from  leaking  through.  Now  it  will  be  seen  that  although  the  joint  which 
anites  the  elbow  to  the  perpendicular  pipe  would  allow  the  jet  pipe  to  be 
turned  in  a  lateral  or  horizontal  direction,  there  appears  no  provision  to 
raise  or  to  lower  it,  and  no  apparent  use  at  all  for  the  other  joint.  We 
were  at  first  at  a  loss  to  divine  how  the  stream  could  be  directed  up  and 
cowD  as  occasions  might  retjuire,  for  Belidor  has  not  explained  it^  but  on 
examining  more  closely  the  figure  in  his  work,  we  found  that  the  jet  ^ipe 
itself  was  not  straight,  but  bent  near  its  junction  with  the  elbow :  this  dis- 
solved the  mystery,  for  it  was  then  obvious  that  by  twisting  this  pipe 
round  in  its  joint,  its  smaller  orifice  could  be  inclined  up  or  down  at  plea- 
sure. This  very  imperfect  device  is  also  shown  in  the  next  figure,  th« 
aipe  being  curved  through  its  whole  length,  instead  of  a  single  bend  m 
e  lost  one. 


Na.l4«.    Fln-«il>i  »  Ypm,  A. 


The  pumps  of  this  engine  are  substantially  the  same  as  those  of  the  last, 
but  ue  piston  rods  are  moved  by  a  short  vibrating  beam  placed  directlv 
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over  the  cylinclon.  The  axle  of  the  beam  U  continaed  through  both  ddes 
of  the  wooden  case,  and  to  its  souared  ends  two  iron  rods  are  fitted,  like 
crank  handles  on  the  axles  of  grindstones.  To  the  lower  ends  of  these 
rods  are  attached,  by  bolts,  two  horizontal  bars  of  wood,  on  the  outside  of 
which  a  number  of  long  pins  are  inserted,  as  shown  in  the  cut.  When 
the  engine  was  in  use  men  laid  hold  on  these  pins,  one  man  to  each,  and 
pushed  and  pulled  the  bars  to  and  fro,  somewhat  as  in  the  act  of  rowing, 
and  thus  imparted  the  requisite  movement  to  the  pistons :  a  mode  of  work- 
ing fire-engines  that  might,  we  think,  be  adopted  with  advantage  in  mo- 
dem ones ;  for  the  vigorous  working  of  these  is  so  exhausting,  that  the 
strongest  man  can  hardly  endure  it  over  a  minute  at  a  time.  The  jet  pipe 
of  this  engine  is  connected  to  the  other  by  coupling  screws  or  "  union 
joints,"  the  most  useful  and  ingenious  device  for  joining  tubes  that  ever  was 
invented;  and  one  which,  from  its  extensive  application  in  practical  hy- 
draulics, in  gas  and  steam  works,  and  also  in  philosophical  apparatus,  has 
become  indispensable.  We  notice  it  here  on  account  of  its  having  been 
erroneously  attributed  to  a  modern  engineer ;  whereas  it  was  not  new 
when  introduced  into  Ypres  fire-engines  above  a  hundred  years  ago. 

Two  of  the  greatest  improvements  ever  made  in  these  machines  ix"er» 
introduced  about  the  same  time,  viz :  the  air  chamber  and  flexible  pipes 
of  leather  and  canvas ;  upon  these  principally  the  efficiency  of  modem 
engines  depends.  By  the  former  the  stream  ejected  from  a  single  pump  is 
rendered  continuous  ;  and  by  the  latter,  it  is  no  longer  necessary  to  take 
the  engine  itself  into,  or  close  to,  a  building  on  fire  ;  where  in  most  cases 
it  is  impossible,  from  the  heat  of  the  flames  and  from  smoke,  to  use  it  with 
ofFect.  The  modern  author,  or  rather  introducer,  of  the  beautiful  device 
for  rendering  the  broken  or  interrupted  jets  of  old  engines  uniform,  is  not 
known.  In  accordance  with  the  customs  of  the  age,  he  probably  kept  it 
secret  as  long  as  he  could.  We  suspect  that  Hautsch's  engine  was  fur- 
nished with  an  air  chamber,  and  that  it  was  on  that  account  chiefly  that  he 
was  so  anxious  to  prevent  its  construction  from  becoming  known.  Beck- 
man  states  that  Hautsch  used  a  flexible  pipe  to  enable  him  readily  to  change 
the  direction  of  the  jet,  **  but  not  an  air  chamber,  which  Schottus  certainly 
would  have  described."  How  Schottus  could  have  done  this,  when  ac- 
cording to  Prof.  B.  himself,  Hautsch  refused  to  let  him  see  the  interior  of 
the  engine,  it  is  difficult  to  imagine ;  and  unless  he  had  been  acquainted 
with  the  properties  of  an  air  vessel,  had  the  engine  even  been  thrown  open 
to  his  inspection,  he  could  hardly  have  comprehended  its  action,  unless 
explained  to  him  by  the  manufacturer;  at  any  rate,  the  secret,  if  it  was  in 
Hautsch's  possession,  was  not  long  after  divulged  ;  for  in  1675  an  anony- 
mous writer  in  the  Journal  des  Scavans  figured  and  described  an  engine 
with  this  appendage.  The  account  was  the  same  year  translated  and  pub- 
lished in  volume  xi  of  the  Philosophical  Transactions,  p.  679.  As  this 
is  the  earliest  notice  of  the  application  of  an  air  vessel  to  pumps  in  modem 
times  that  we  have  met  with,  it  is  entitled  to  a  place  here. 

"  This  engine  [No.  147]  is  a  chest  of  copper,  pierced  with  many  holes 
above,  and  holds  within  it  the  body  of  a  pump  whose  sucker  is  raised  and 
abased  by  two  levers.  These  levers  having  each  of  them  two  arms,  and  each 
arm  being  fitted  to  be  laid  hold  on  by  both  hands  of  a  man.  Each  lever 
is  pierced  in  the  middle  by  a  mortaise,  in  which  an  iron  nail  [boh]  which 
passes  through  the  handle  [rod]  of  the  sucker,  turns  when  the  sucker  in 
raised  or  lowered.  Near  the  body  of  the  pump  there  is  a  copper  poip 
I,  [air  vessel]  joined  to  it  by  the  tube  G,  and  having  another  tube  K  N  L, 
which  in  N  may  be  turned  every  way.  To  make  this  engine  play,  water 
is  poured  upon  the  chest  to  enter  in  at  the  holes  that  are  in  the  cover 
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thereof  The  watar  is  drawn  in  U>  the  body  of  the  pump  at  the  hole  F, 
at  the  time  when  the  sucker  is  rused  ;  and  when  the  saine  is  let  down, 
the  valve  of  the  Bome  hole  shuts,  and  forces  the  water  to  pass  through  the 
hole  into  the  tube  O-  of  which  the  valve  being  lifted  up,  the  water  enters 
into  the  pot,  and  fUling  the  bottom  it  enters  through  the  hole  into  the  tube 
R  N  L  in  such  s  manner,  that  when  the  water  is  higher  than  the  [orifice 
of  the]  tube  K,  and  the  hole  of  the  tube  G  is  shut  by  tlie  valve ,  the  air  in- 
closed  in  the  pot  hath  no  issue,  and  it  cornea  to  pass,  that  when  you  con- 
tinue to  make  the  water  enter  into  the  pot  by  the  tube  G,  which  is  much 
thicker  [larger]  thap  the  aperture  of  the  end  L,  at  which  it  must  issue,  it 
must  needs  be,  that  the  surpltu  of  the  water  that  enters  into  the  pot,  and 
exceeds  that  which  at  tlie  same  times  issues  through  the  small  end  of  the 
jet,  compreua  the  air  to  Gnd  place  in  the  pot;  which  makes  that,  whilst 
tlie  sucker  is  raised  agam  tomake  new  water  to  enter  into  ihft  bo^vof  the 
pump,  the  air  which  has  been  compressed  in  the  pot  drives  the  surplus  of 
the  water  by  the  force  of  its  spring,  .neantime  that  a  new  compresi-.on  of 
the  sucker,  makes  new  water  to  enter  and  causes  also  a  new  compression 
of  the  air.  And  thus  the  course  of  ihe  water,  which  issues  by  the  Jet,  is 
always  entertained  in  the  same  st».u:."  The  box  or  chest  had  two  pro- 
jecting pieces  orf  each  side,  through  which  two  staves  were  passed  for  the 
convenience  of  carrying  it.  This  small  engine  appears  to  have  been  in 
every  respect  an  elective  one ;  the  whole  of  the  parts,  both  of  the  pump 
and  apparstuB  for  working  it,  were  well  adapted  to  produce  the  best  ef- 
fect. The  goose-neck  seems  to  have  been  formed  of  a  species  of  ball 
and  socket  joint. 
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One  mi^t  suppose  that  when  this  account  of  the  construction  and  ef- 
fects of  air  chambers  was  published  to  the  world,  and  in  the  standard 
journals  of  France  and  England,  that  they  would  speedily  have  been 
adopted  in  fire-engines  throughout  Europe.  Such,  however,  was  not  the 
&ct ;  on  the  contrary,  they  appear  to  have  remained  comparatively  un- 
known for  nearly  filty  years  longer ;  for  it  was  not  rill  the  expiration  of 
the  first  quarter  of  the  I8th  century  that  they  began  to  be  much  used,  and 
some  years  more  elapsed  before  they  were  generally  employed.  We  can 
only  account  for  this  by  the  limited  circulation  of  the  scientific  journals 
named,  and  their  being  confined  principally  to  learned  men ;  who  ilien  aa 
formerly  felt  indifferent  towards  mechanical  researches :  mechtuiiCB  in 
iboM  days  were  iko  great  readers,  and  the  few  who  possessed  a  taste  &>e 
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books  were  commonly  without  the  means  to  gratify  it.  It  is  howoTer, 
singular  that  this  account  of  the  air  vessel  should  have  escaped  the  re* 
searches  of  Beckman,  and  especially  so  as  it  was  republished  in  1704  by 
Harris  in  his  Lexicon  Technicum,  and  in  1705  by  Lowthorp  in  the  abridge 
ment  of  the  Philosophical  Transactions.  He  observes,  •'  I  can  find  no 
older  engine  with  an  air  chamber  than  that  described  by  Perrault,  and  of 
which  he  has  given  a  figure.  He  says  it  was  preserved  in  the  king's 
library  at  Paris ;  that  it  was  employed  for  throwing  water  to  a  great 
height  during  fires  ;  and  that  it  had  only  one  cylinder,  and  yet  threw  out 
a  continued  jet  of  water.  He  neither  mentions  the  period  of  the  invention 
nor  the  name  of  the  inventor,  and  I  can  only  add  that  his  book  was  printed 
in  1684."  Beckman,  in  a  note,  states  that  he  had  not  seeu  the  first  edi- 
iou  of  Perrault's  work,  and  therefore  knew  not  whether  the  French  en« 
'  gine  was  described  in  it.  We  may  here  make  the  same  remark,  since  the 
only  copy  in  our  possession  is  of  the  edition  of  1684,  having  endeavored* 
but  without  success,  to  procure  an  impression  of  the  previous  one. 

In  1672  hose  or  leathern  tubes  were  first  publicly  used,  in  modem  times, 
td  convey  water  J/om  engines  to  fires  by  John  and  Nicholas  Van  der 
Heide,  in  Amsterdam,  of  which  city  they  were  inspectors  or  superintend- 
ents of  fire  apparatus.  They  made  the  tubes  in  fifty  feet  lengths,  with 
brass  screws  fitted  to  the  ends,  so  that  any  number  could  quickly  be  con* 
nected  together,  as  occasions  might  require.  The  introduction  of  hose 
pipes  forms  an  epoch  in  the  history  of  fire-engines,  for  they  wonderfully 
increased  the  effect  and  extended  the  application  of  these  machines.  Pre- 
vious to  their  adoption  large  engines  could  not  be  used  to  extinguish  fires 
in  the  interior  of  dwellings — it  was  only  when  the  flames  burst  through 
the  windows  or  roof,  that  they  came  into  play  ;  and  even  then,  it  was  often 
with  difficulty  and  danger  that  they  could  be  brought  sufficiently  near  to 
discharge  the  water  with  effect,  while  in  most  cases  the  jet  was  so  much 
diffused  by  the  resistance  of  the  air  or  wind  as  to  descend  rather  in  a 
shower  of^ spray  than  in  a  compact  stream.  For  want  of  hose  the  engines 
themselves  were  also  frequently  burnt ;  this  was  indeed  a  common  occur- 
rence, and  is  often  mentioned  in  the  notices  of  conflagrations.  In  die  great 
fire  of  London  the  rapid  spread  of  the  flames  drove  the  firemen  from  their 
engines,  and  many  were  consumed.  In  1731  a  great  part  of  the  town  of 
Blandford,  England,  was  destroyed,  and  in  an  account  published  by  one 
of  the  sufferers,  it  is  said  "  the  engines  were  play'd,  but  were  soon  burnt" 
This  loss  of  engines  was  invariably  caused  by  the  want  of  hose  ;  for  when 
plenty  of  the  latter  is  at  hand,  the  former  can  be  placed  and  worked  at 
any  convenient  distance  from  the  fire,  and  the  liquid  discharged  upon 
almost  any  part  of  it. 

Another  advantage  resulting  ^m  the  introduction  of  leathern  pipes 
was  in  making  the  engines  supply  themselves.  Before  the  use  of  hose, 
water  was  poured  from  buckets  into  the  cistern  in  which  the  pumps  were 
nlaced ;  hence  when  a  fire  broke  out,  one  of  the  first  objects  was  to  form 
a  lane  of' men,  extending  from  the  engine  to  the  nearest  rivulet,  pond, 
well,  or  other  source  of  water ;  those  on  one  side  passed  along  the  full 
buckets  to  the  engine,  while  those  on  the  other  returned  the  empty  ones.  To 
dispense  with  this  number  of  men,  the  Van  der  Heides  screwed  one  end 
of  a  hose  pipe  to  the  lower  part  of  the  cistern  and  extended  the  other  to 
the  edge  of  a  pond  or  well,  where  its  orifice  was  widened  into  a  bag  that 
was  kept  open  by  a  frame.  Into  this  bag  the  laboiirers  poured  the  con* 
tents  of^  their  buckets,  and  sometimes  portable  pumps  were  used  to  raise 
water  into  it,  for  it  was  necessary  that  it  should  be  sufficiently  elevated 
above  the  cistern  of  the  engine  tbat  its  contents  might  readily  flow  into 
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the  latter.  This  was  the  first  step  towards  using  sucHon  hose,  and  con 
sequently  towards  making  an  engine  supply  itself.  Perhaps  it.  mav  be 
thought  strange  that  they  did  not  adopt  this  plan  at  first  instead  of  the 
device  just  descrihed,  hut  in  point  in  fact  they  could  not,  for  before  suc- 
tion pipes  could  be  used,  a  radical  change  was  required  in  the  construe 
tion  of  the  lower  parts  of  the  pumps,  and  one  that  could  not  without  much 
difficulty  and  expense  be  made  in  the  old  engines.  Hence  the  Van  der 
Heides  very  properly  preferred  making  new  machines  altogether ;  to 
which  they  adapted  suction  pipes.  These  great  improvements  were 
made  about  1675.  In  1677,  one  or  both  of  the  Van  der  Heides  obtained 
an  exclusive  privilege  to  construct  such  engines  for  twenty-five  years.  In 
1695  there  were  in  Amsterdam  upwards  of  sixty  of  their  engines,  and 
when  a  fire  broke  out,  the  six  that  were  located  nearest  were  taken .  to 
extinguish  it.  The  use  of  leather  and  canvas  hose  became  general  in  the 
next  century.  In  1720  the  latter  was  woven  without  seams  in  Leipsic 
and  other  places  in  Germany. 

Whether  the  engines  of  the  Van  der  Heides  had  air  veaels  is  not  ascer^ 
tained ;  Professor  Beckman  says  their  internal  construction  is  no  where 
represented.  There  is  strong  evidence  that  they  had  none  ;  for  so  late 
as  the  first  quarter  of  the  18th  century,  the  Dutch  engines  were  not.gener- 
ally  furnished  with  them,  and  this  would  certainly  not  have  been  the  case 
had  they  ever  been  "  common  in  all  the  towns  of  the  Netherlands,"  as  Van 
der  Heide's  engines  were.  Mr.  Chambers,  in  his  Cyclopedia,  A.  1).  1728, 
observes,  article  Hydrocanuierium,  **  The  Dutch  and  others  use  a  long 
flexible  tube  of  leather,  sail-cloth,  or  the  like,  which  they  carry  or  conduct 
in  the  hand,  from  one  room  to  another,  as  occasion  requires ;  so  that  the 
engine  may  be  applied  where  the  fire  is  only  withinside,  and  does  not 
hurst  out  to  expose  it  to  its  external  action.  To  improve  on  this  original 
fire-engine,  they  have  since  contrived  to  make  it  yield  a  continual  stream." 
At  the  time  Belidor  wrote,  air  vessels  were  not  common  in  Holland,  and 
in  1744,  Desaguliers  speaking  of  their  advantages,  remarks,  "  In  the  use 
of  engines  to  put  out  fires  which  have  no  air  vessels,  like  the  Dutch  «i- 
gineSt  or  old  parish  engines,  a  great  deal  of  water  is  lost  at  the  beginning 
and  end  of  the  jet  or  spouting  of  the  water."  Philos.  ii,  164.  Beckman 
says,  it  is  certain  that  air  vessels  were  not  common  in  Germany  till  after 
they  were  used  by  Leopold. 

Perier  in  France,  Leopold  in  Germany,  and  Newsham  in  England, 
contemporaneous  engine  makers  in  the  early  part  of  the  18th  century, 
were  greatly  celebrated  in  their  respective  countries.  They  were  some- 
times considered  inventors  of  the  fire  engine,  though  very  erroneously, 
for  so  far  as  the  principle  of  its  construction,  application  of  the  air  ves- 
sel, goose-neck,  flexible  pipes  of  leather  and  canvas,  the  connection  of 
these  by  screws,  &c.  were  concerned,  the  engine  was  perfected  before 
their  time ;  indeed  not  one  of  them  contributed  any  thing  essential  to  ^t. 
Their  merit  consisted  in  improving  these  machines  in  various  minor  detaih; 
in  the  arrangement  of  the  different  parts,  construction  of  the  carriages 
mode  of  communicating  motion  to  the  pistons,  and  in  rendering  the  whole 
more  durable  and  efficient  by  superior  workmanship  and  materials.  In 
theserespects  the  English  engineer,  we  believe  surpassed  his  competitors* 
but  then  he  was  the  last  of  the  three  that  entered  the  field,  for  Perier  started 
hefore  Leopold,  and  both  were  some  years  in  advance  of  Newsham. 

No  account  of  Perier's  engines  is  to  be  found  in  modem  books ;  even 
Belidor  has  taken  no  notice  of  them.  To  supply  this  deficiency,  we  in*- 
tended  to  insert  a  figure  of  one,  taken  from  the  2d  ed.  of  Poliniere's  "Ex- 
periences de  Physique,"  Paris,  1718,  (the  only  work  with  which  we  are 
acquainted  that  co«  taint  a  representation  of  them,)  but  on  account  of  the 
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unusual  number  of  illustrations  required  in  this  clurpter,  it  is  omitted.  A 
short  description  will  suffice.  After  describing  an  atmospheiic  pump  be* 
longing  to  tlie  arsenal  of  Paris,  and  ant»ther  attached  to  a  hotel  in  the  fau* 
bourg  St.  Antoine,  which  had  two  spouts  and  two  -v^ves  in  the  suction 
pipe,  the  author  observes,  J'ay  vii  a  Paris  des  pompes  dont  on  se  sert  pour 
t&cher  d'  eteindre  le  feu  quand  il  arrive  des  inceiidies;  and  he  then  enters 
into  a  minute  description  of  one  of  these  Parisian  engines.  In  its  general 
appearance  it  resembled  the  Dutch  one  No.  148,  consisting  of  two  work- 
^n^  cylinders  with  an  air  vessel  between  them,  the  piston  rods  moved  by 
a  double  lever,  through  the  ends  of  which  staves  four  feet  in  length  were 
inserted.  The  pump  cylinders  were  sixteen  inches  long  and  four  in  dia- 
meter, but  instead  of  being  placed  in  a  square  wooden  box  or  cistern^ 
they  were  secured  in  an  open  copper  pan,  of  an  oval  shape,  and  the  same 
depth  as  the  cylinders,  and  fastened  by  bolts  to  a  base  of  wood  or  piece 
of  plank,  to  the  four  comers  of  which  short  ropes  were  fastened.  At  one 
end  of  the  pan,  the  leather  hose  which  conveyed  the  water  to  the  fire  was 
connected  by  a  screw  to  a  copper  pipe  that  communicated  with  the  lower 
part  of  the  air  chamber.  The  leather  tubes,  Poliniere  observes,  were 
lubricated  with  a  composition  of  tallow  and  wax  to  render  them  pliable ; 
and,  to. prevent  mice  and  other  vermin  from  destroying  them,  soaked  in 
an  infusion  of  colycinth  or  bitter  apple.  In  furnishing  the  pumps  with 
water,  Perier  adopted  the  first  device  of  the  Van  der  Heides,  and  hence 
we  infer  that  he  was  ignorant  of  the  better  mode  of  making  them  supply 
themselves  through  suction  pipes.  As  they  could  only  draw  water  out  of 
the  vessel  in  which  they  were  placed,  and  it  being  too  small  and  inconve- 
nient  for  numbers  of  people  to  pour  the  contents  of  their  buckets  into  it 
when  the  engine  was  in  use,  a  canvas  or  sail  cloth  bag,  coated  with 
pitch  or  tar,  was  connected  by  a  flexible  pipe  of  the  same  material,  to  the 
lower  part  of  the  pan.  This  bag  was  of  a  conical  form,  the  wide  end  be- 
ing uppermost,  and  supported  with  tlie  mouth  open  on  a  folding  frame, 
something  like  a  high  camp  stool.  Into  this  bag  the  water  for  the  supply 
of  the  pumps  was  poured.  It  might  of  course  be  placed  at  any  conveni- 
ent distance  from  the  engine,  by  means  of  additional  lengths  of  pipes  that 
were  always  kept  ready  and  which  were  connected  together  by  screws. 
These  engines,  Poliniere  says,  forced  the  water  through  the  oriBce  of  the 
jet  pipe  to  a  surprising  distance.  He  observes  also  that  smaller  ones  were 
m  use ;  which  consisted  of  a  single  cylinder  and  air  chamber,  and  were 
worked  by  a  single  lever. 

The  following  extract  relating  to  Perier's  engine  is  from  the  Diction- 
naire  GBconomique,  3d.  edit.  Paris,  1732,  from  which  it  appears  tliat  at 
that  date  they  wore  small  affairs,  and  differed  but  little  from  our  garden 
engines ;  in  other  words,  they  were  then  nothing  more  than  pompet  porta- 
tive, the  name  by  which  they  were  desi^ated  at  the  first.  "  La  pompe 
que  le  Sieur  du  Perier  a  invent^e  ou  perfectionn^  est  tres  commode  dans 
les  incendies.  Deux  hommes  la  peuvent  aisement  transporter  avec  tout 
•on  attirail,  et  la  placer  dans  tel  lieu  que  Ton  voudra.  II  n'est  pas  neces- 
saire  qu'elle  soit  dans  I'endroit  ou  se  trouve  I'eau,  il  y  a  un  canal  de  coutil 
cir^  en  dedans,  qui  sert  k  conduire  I'eau  jusqu'a'la  pompe.  Ce  canal 
peut  6tre  augmente  en  y  adaptant  d*autres  canaux  fails  de  la  m^me  &con. 
La  pompe  ^tant  placee  dans  le  lieu  le  plus  commode,  ou  peut  encore  por- 
ter I'eau  dans  le  plus  fort  de  I'incendie  par  le  moien  d'un  canal,  qui  est 
fait  de  cuir,  et  qu'on  augmente,  autant  qu'on  veut,  en  y  ajoutant  d'autres 
canaux  par  le  moien  de  quelques  vis.  La  matiere  dont  est  compose,  ce 
canal  donne  la  facilit<$  de  passer  d'un  appartement  dans  I'autre  )>our  ap 
pUquer  i'eau  dans  i'endroit  le  plus  necessaire.     Les  circonvolutions  da 
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eanal  n'ein[i6cKent  point  I'eau  d'agir  avec  violence,  et  I&  force  ktcc  1» 
quelle  elle  agit  ect  d'autant  plus  grande,  que  les  hommeB  qui  foiit  aJler  U 
pompe,  empjoient  eux-m€meH  ]>1ub  de  force,  la  quandle  d'eau  depend  en- 
core  du  nombre  de  piBtonB." 

In  1699  Perier  obtained  from  the  king  an  exclusive  privilege  to  con- 
Ktruct  fire-engines,  wnii:>i  Profeesor  Bectcnian  thinks  were  the  first  publio 
mioa  employed  in  Patia.  In  1716  an  ordinance  of  the  king  directed  K 
larger  number  than  tAiise  already  in  use,  to  be  distributed  in  different 
parts  of  the  city,  and  public  notice  to  be  gi^en  where  thtty  could  be  found 
m  case  of  fire.*  In  1722  there  were  thirty  in  use,  besidea  others  belong- 
ing to  public  buildings.  As  these  macbines  had  air  vessels,  it  is  strange 
that  Belidor  neither  mentiune  the  fact  nor  refers  lo  Paris  engines  at  all. 
After  describing  a  Dutch  one,  No.  146,  lie  quotes  [as  if  he  knew  of  no  others 
with  air  vessels}  Perrault's  description  of  the  one  that  was  in  the  king's 
Ubrary  Kfty  years  before,  and  an  account  of  another  tliat  l)u  Fay  saw  at 
Strasbourg  in  1725. 

Leopold's  engines  do  not  appear  to  have  possessed  any  peculiar  feature 
to  which  he  could  lay  claim  as  inventor.  They  seem  to  have  lieen  idet>- 
tical  or  nearly  so  with  the  one  described  in  the  Journal  des  Savans  forty 
years  before,  (No.  147.)  Each  consiBted  of  a  single  pump  with  an  air  ves- 
sel enclosed  in  a  copper  chest.  One  rnan  raised  a  Jet  by  it  to  the  height 
of  from  twenty  to  thirty  feet.  Leopold  kept  the  construction  for  soma 
time  a  secret,  and  with  this  view  the  pump  was  entirely  enclosed  m  the 
chest;  a  cover  being  soldered  on  the  latter.  Beckman  says  he  made  and 
Bold  a  great  number  of  [hem.  In  1720  he  published  a  description  of  them 
in  a  pamphlet;  and  in  1724  he  inserted  an  account  of  them  in  his  Theatnim 
Machinarum  JIffdratdicantm,  a  work  published  that  year  at  Leipsic  in 
three  volumes  folio. 

The  annexed  figure.  No.  148,  exaioiti  an  improvement  on  Leopold's 
engine,  having  two  cylinders  and 
workingby  a  double  lever.  Small 
engines  seem  to  have  been  prefer- 
red to  those  of  large  dimension*, 
such  as  were  made  by  Hautsch, 
or  those  of  modem  times.  Before 
the  introduction  of  hose  pipes, 
small  ones  were  certainly  more 
useful,  since  they  could  be  carried 
into  any  part  of  a  house  when  on 
fire,  but  when  flexible  pipes  of  lea- 
ther and  canvas  beca 
their  efficiency  was  n 
ira.i«.  DoiebFin.B-fiafc  .A.IMT3».  pared  with  that  of  the  large  sizes, 

Englbh  fire-engines  were  much   the  same  dimensions   as   those  used 
.1  _    : J  [j]!  Newsham  and  contemporary  engineers  introduced 


athers  that  approached  in  size  those  m  present  i 
veara  after  the  smaller  ones  retained  the  preference.  The  London  ma- 
ImfactuDcrs  made  six  different  sizes,  the  larger  one  only  bemg  placed 
on  wheels.  Even  in  the  middle  of  the  18th  century  such  as  are  re- 
presented by  the  figure  on  the  next  page  were  common  in  that  city,  A 
similar  figure  was  published  by  Mr.  Clare  m  1735  in  his  work  on  the 
motion  of  fluids,  and  so  late  as  1765  it  was  described  (in  tlie  London  Ma- 
gasine  for  that  year)  as  the  engine  in  common  use.     As  an  indication  that 

■  Pnjiplament  tu  DicL  CEcoDomiijae.    Auutsrdun,  1740.    Tom.  ii.  IC3. 
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dr  v«wels  were  not  used  in  England  before  the  18lh  century,  it  may  b« 
observed  that  in  the  year  last  named,  those  engines  which  had  ihem  were 
named  "constant  stream'd  engines,"  to  distinguish  them  from  tl)Os«  tfaftt 
had  non« — such  being  calted  squirting  engines. 


No.  14).    Enflitb  Pi»-E<i«iu«  sT  lk>  iiiddli  sr  Itas  lS(k  cmuit. 

tn  1739  Switzer  published  his  System  of  Hydrostatics,  in  which  he  in 
serted  ihe  circulars  of  two  rival  engine  makers — Fowke  and  Newsham. 
As  these  documents  contain  some  interesting  particulars  respecting  the 
atate  of  practical  hydraulics  at  the  time,  as  well  as  of  fire-engines,  we  inseit 
"  '  'to  introducing  Newsham's  engine. 

e,  Wap^ng  :  makes 
>r  extinguishing  fires,  the  large  sizes  play 
two  streams  at  once,  being  the  iirst  and  only  of  their  kind,  and  does  tli« 
office  of  two  engines,  aniT  so  contrived  as  to  be  drawn  through,  (and  if 
f>ccasion  retjuires,)  worked  in  a  passage  three  feet  wide,  which  no  other 
can,  and  will  feed  themsislves  with  a  sucking  pipe.  Their  movements  lira 
easy  and  natural,  having  a  perpendicular  stroke,  and  are  without  either 
racK,  wheel,  chain  or  crank,  whereby  the  friction  is  lessened  more  than 
any  others,  and  consequently  requires  less  strength,  are  more  useful,  and 
less  liable  to  disorder  and  decay,  and  much  cheaper  than  any  other ;  and 
therefore  are  by  judicious  persons  esteemed  preferable  to  all  others.  By 
screwing  a  pipe  they  water  gardens,  dispersing  the  particles  of  water  for 
about  fourteen  yards  square,  like  small  rain.  The  four  larger  sices  rut 
on  wheels,  and  the  other  two  carried  by  two  men  like  a  chair. 

"  3.  Emgineb  which  will  work  either  by  water,  wind,  horses  or  men,  ar,  I 
BO  contrived  that  either  may  work  at  a  lime,  or  be  assistant  to  each  other, 
whereby  large  quantities  of  water  may  be  raised,  so  that  if  the  height,  dis- 
tance and  quantity  required  be  known,  the  expense  and  strength  may  be 
calculated  so  as  to  serve  cities,  towns,  noblemen  and  gentlemen's  sesU 
and  fountains,  brewers,  distillers,  dyers;  and  for  draining  of  lands,  ponds, 
and  mines  of  lead;  coal,  &c. 

"3.  PuMPB  which  may  be  worked  by  one  man,  for  raising  water  out  of 
any  well  upwards  of  one  hund:ed  and  twenty  feet  deep,  sumcient  for  the 
service  of  any  private  house  or  family  ;  and  so  contrived  that  by  turning 
a  cock,  may  supply  a  cistern  at  the  top  of  the  house,  or  a  bathing  vessel 
in  any  room :  and  by  screwing  on  a  leather  pii>e,  tlie  water  may  be  con 
»eyecl  cither  up  stairs  or  in  at  a  window,  ii>  ijate  of  any  fir«. 

r  of  fancies  in  fomtain^." 
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After  referring  to  a  number  of  machines  erected  by  him  in  London  and 
its  vicinity,  Mr.  Fowke  concludes  with  a  table  of  prices  of  Bre-engincs, 
the  smallest  being  g£14  and  the  largest  «£60.  Newsham's  circular  is  ob- 
viously designed  to  counteract  the  effect  of  Fowke's. 

"  Richard  Newsham,  of  Cloth  Fair,  London,  engineer,  makes  the  most 
useful,  substantial,  and  convenient  engines  for  quenching  Bres,  which  carries 
continual  streams  with  great  force.  He  hath  play'd  several  of  them  before 
his  majesty,  and  the  nobility,  at  St.  James's,  with  so  general  an  approba- 
tion, that  the  largest  was  at  the  same  time  ordered  for  the  use  of  that 
royal  palace.  And  as  a  further  encouragement  (to  prevent  others  from 
making  the  same  sort,  or  any  imitation  thereof)  his  majesty  has  since  been 
graciously  pleased  to  grant  him  his  second  letters  patent,  for  the  better  se- 
curing his  property  in  this,  and  several  other  inventions  for  raising  water 
from  any  depth,  to  any  height  required. 

"  The  largest  engine  will  go  through  a  passage  about  three  foot  wide,  in 
complete  working  order,  without  taking  off  or  putting  on  any  thing  :  and 
may  he  worked  with  ten  men  in  the  said  passage.  One  man  can  quickly 
and  with  ease,  move  the  largest  size  about,  in  the  compass  it  stands  in: 
and  is  to  be  play'd  without  rocking,  upon  any  uneven  ground,  with  hands 
and  feet,  or  hands  only,  which  cannot  be  parallel'd  by  any  other  sort  what- 
soever. There  is  conveniendy  for  above  twenty  men  to  apply  their  full 
strength,  and  yet  reserve  both  ends  of  the  cistern  clear  from  incumbrance, 
that  others  at  the  same  time  may  be  pouring  in  water,  which  drains  through 
large  copper  strainers.  The  staves  that  are  Bxed  through  the  leavers, 
along  the  sides  of  the  engine,  for  the  men  to  work  by,  though' very  light, 
as  alternate  motions  with  quick  returns  require ;  yet  will  not  spring  and 
Ic'se  time  the  least :  but  the  staves  of  such  engines  as  are  wrought  at  the 
enJs  of  the  cistern,  will  spring  or  break,  if  they  be  of  such  a  length  as  is 
necessary  for  a  large  engine,  when  a  considerable  power  is  apply'd  :  and 
cannot  be  Bx*d  fast,  because  they  must  at  all  times  be  taken  out  before 
that  engine  can  go  through  a  passage.  The  playing  two  streams  at  once, 
do  neither  issue  a  greater  quantity  of  water,  nor  is  it  new,  or  so  useful, 
there  having  been  of  the  like  sort  at  the  steel-yard,  and  other  places,  thirty 
or  foity  years ;  and  the  water  being  divided,  the  distance  and  force  are 
accordingly  lessened  thereby. 

"  Those  who  pretend  to  make  the  forcers  work  in  the  barrels,  with  a  per- 
pendicular stroke,  without  rack,  wheels,  chains,  crank,  pully,  or  the  like, 
by  any  kind  of  contrived  leavers,  or  circular  motion  whatsoever,  with  less 
friction,  than  if  guided  and  work'd  by  wheel  and  chains,  (which  of  all 
methods  is  the  best,)  do  only  discover  their  ignorance  ;  they  may  as  rea- 
sonably argue,  that  a  great  weight  can  be  dragg'd  upon  a  sledge,  with  as 
little  strength,  as  if  drawn  upon  wheels, 

"  As  to  the  treddles,  on  which  the  men  work  with  their  feet,  there  is  no 
method  so  powerful,  with  the  like  velocity  or  quickness,  and  more  natural 
and  safe  for  the  men.  Great  attempts  have  been  made  to  exceed,  but  none 
yet  could  equal  t:.is  sort ;  the  fifth  size  of  which  hath  play'd  above  the 
grasshopper  lipon  the  Royal  Exchange ;  wbioh  is  upwards  of  fifty-five 
yards  high,  ana  this  in  the  presence  of  many  thousand  spectators. 

"  Those  with  suction  feed  themselves  with  water  from  a  canal,  pond, 
well,  &c  or  out  of  their  own  cisterns,  by  the  turn  of  a  cock,  without  in- 
terrupting the  stream.  They  are  far  less  liable  to  di«'f  rder.  much  more 
durable  in  all  their  parts,  than  any  extant,  and  play  cff  large  quantities  of 
water  to  a  great  dif  ranee,  either  from  the  engine,  or  a  leather  pipe,  or 
pipes  of  any  length  requi;' d  ;  (the  screws  all  fitting  each  other.)  This  the 
cumbersome  squirting  engi.ies,  which  take  up  four  times  more  room,  can- 
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not  perform;  neitlier  do  they  tbrow  one  fourth  part  of  their  water  on  die 
'fire,  Bt  the  like  distances,  but  lose  it  by  the  way;  nor  can  they  uae  leather 
pipe  with  them  to  much  ailvantage,  whatever  necessity  there  may  be  fitr 
It.  The  Gve  large  sizes  go  upon  wheels,  well  boz'd  with  brass,  fitted  to 
•trong'  iron  sjtles,  and  the  other  is  to  be  carried  Hke  a  chair." 

No.  150  is  a  vertical  section  of  the  pomp* 
in  Newsham's  engine,  vrith  the  air  vessel 
between  them,  and  showing  also  the  sectar* 
&nd  chains  by  which  motion  is  traDsmitied 
from  the  levers  to  the  piston  rods,  and  the 
lattet|  preserved  in  a  perpendicular  position. 
The  chains  are  similar  to  watch  chains  in 
their  constmction,  and  the  length  of  each 
is  equal  to  the  arc  of  one  of  the  lectors. 
Four  are  used,  two  to  each  sector.    Their 
mode  of  operation  is  in  this  manner :  One 
end  of  a  chain  is  fastened  to  the  top  of  a 
piston  rod,  by  a  bolt  and  nut  as  represent- 
ed, and  the  other  end  riveted  to  the  lower 
extremity  of  thp  sector;  so  that  when  the 
latter   is   turned  down  by  depressing  the 
lever,  it  necessarily  draws,  by  this  chain, 
the  piston  down  with  it.    Another  chain  ii 
fastened  in  the  same  manner  to  the  lower 
part  of  the  piston  rod,  (that  is  above  the  cl' 
iro-lM.   9«>>.QrNe..ku.'iEiwl».    linJer,)   and   the   upper   extremity   of  the 
•ector,  and  hence  when  the  lever  is  elevated,  this  chain  raises  the  piston  with 
it.  He  probably  derived  the  idea  of  thus  working  them  from  Newcomen'i 
mode  of  workmg  pumps  by  the   atmospheiic  steam-engine.      The  round 
opening  below  the  valves  in  the  above  figure,  is  where  the   suction  pipo 
u  continued  to  the  hose,  shown  at  one  end  of  the  cistern  in  the  next  figure 
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No.  151  18  an  external  view  of  one  of  Newsham's  engines  at  the  time 
of  his  death,  as  drawn  by  Mr.  Labelye,  the  engineer  of  Westminster 
bridge,  and  inserted  by  Desaguliers  in  the  second  volume  of  his  Philoso- 
phy, in  1744.  Its  general  appearance  is  far  inferior  to  mcdem  ones,  but 
the  essential  parts — the  pumps— were  equal  to  those  now  used.  The 
«trong  iron  shaft  by  which  the  pistons  were  raised  and  depressed  was 
continued  alon^  the  top  of  tlie  cistern,  and  to  it  the  levers  were  secured 
as  at  present ;  but  in  addition  to  the  levers,  sectors,  like  those  that  moved 
the  pistons,  were  also  fastened  to  it — portions  of  two  of  these  are  shown  in 
tne  cut,  and  there  were  two  others  near  the  upright  case  :  to  their  upper 
parts,  two  long  strips  of  plank,  or  treddles,  were  suspended  by  short 
chains,  and  on  these  planks,  six  men,  who  stood  upon  the  cistern  and 
held  by  the  hand  rails,  alternately  threw  their  weight ;  first  on  the  tred- 
dle  on  one  side  of  the  carriage,  and  then  on  the  other,  and  thus  aided  the 
firemen  at  the  levers  in  working  the  engine.  The  box  or  trough,  with  a 
grate  within  it,  at  the  end  of  the  cistern,  was  for  the  purpose  of  emptying 
buckets  of  water  to  supply  the  pumps,  when  the  suction  pipe  (figured  be- 
low it)  was  not  used.  The  small  flap  on  the  end  of  ihe  upright  case  co 
vered  printed  directions  how  to  use  and  keep  the  engine  in  order. 

If  the  section,  No.  150,  be  compared  with  Englfth  engines  in  previous 
use,  one  of  which  is  figured  at  No.  149,  it  will  be  seen  at  a  glance  how 
great  were  the  improvements  tliat  Newsham  introduced.  Independently 
of  the  three  most  original  of  his  contributions — the  sectors  and  chains— 
treddles — and  working  the  pumps  with  long  staves  at  the  ^ides  of  the 
carriage  instead  of  short  ones  at  the  ends — the  whole  machine  was  im- 
proved more  or  less  in  every  part.  To  keep  the  cistern  and  levers  as  low 
as  possible,  the  carriage  was  placed  on  bent  axles.  He  introduced  and 
improved  the  three-way  cock,  and  the  goose-neck  was  perfected  in  his 
hands  ;  the  elbows  being  jointed  to  each  other  by  very  fine  screws.  De- 
aaguliers  thought  that  no  part  of  the  engine  could  be  altered  for  the  bet- 
ter.  A  writer  in  the  London  Magazine  for  1752,  (page  395,)  says  that 
Newsham  in  these  machines  gave  "  a  nobler  present  to  his  country  than 
if  he  had  added  provinces^  to  Great  Britain."  Their  merits  were  gene- 
rally acknowledged :  he  received  orders  for  them  from  various  parts  of 
Europe,  and  it  will  be  seen  in  a  subsequent  part  of  this  chapter  that  those 
first  used  in  this  city  were  made  by  him. 

The  celebrity  his  engines  acquired  had  a  blighting  effect  on  other  ma 
Xkufacturers — like  Aaron's  rod  swallowing  up  those  of  his  competitors. 
His  engines  were  purchased  for  the  use  of  the  parishes  throughot^t  the 
country  generally,  and  also  by  the  various  insurance  companies,  wh:ch, 
nnlike  ours,  are  at  the  sole  expense  of  extinguishing  fires,  and  of  provid 
ing  the  means  to  effect  it.  £)very  insurance  company  in  English  cities 
keeps  in  its  pay  a  number  of  firemen  to  take  charge  of  and  work  its  own 
engines.  Two  horses  are  attached  to  each  engine  to  draw  it  to  and 
from  fires.  The  height  of  the  jet  from  Newsham's  engines  was  about 
fifty  feet.  He  mentions  in  his  circular  having  thrown  it  to  an  elevation 
oijifiy-fin^  yardSf  but  he  was  certainly  mistaken. 

Several  improvements  have  been  made  in  English  fire-engines  since 
Newsham's  time,  but  they  are  chiefly  confined  to  the  carriage,  and  to  de- 
tails and  arrangements  of  the  various  partsw  Treddles  are  dispensed  with, 
and  the  carriages  are  made  longer,  so  that  a  greater  number  of  men  can 
be  employed  in  working  them.  They  resemble  American  engines  so 
closely,  that  a  separate  figure  of  a  modem  En'glish  engine  is  unnecessary. 
The  reader  is  therefoi'e  referred  to  No.  154.  Others  on  the  principle  of  tha 
jemi-rotary  pump,  (No.  140,)  are  also  used  to  a  limited  extent  in  London, 
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The  following  figure  of  »  modem  French  fire-engine  is  from  the  JHo- 
puet  dti  FondfUT ;  P&ris,  1829.  It  consisbi  of  two  cylindera  and  tn  ur 
vessel  Rrranged  in  the  usual  war.  One  of  the  pumpe,  and  half  of  the  air 
chamber,  is  showa  in  section.  The  cistern  is  more  elevated  than  in  Eng- 
lish or  American  eneines,  and  from  the  consequent  height  of  the  levers 
would  seem  more  inconvenient  to  be  worked.  Thn  suctipn  pipe  is  at 
copper  with  folding  joints,  and  a  perforated  hallow  ball  at  the  extremity  to 
prevent  dirt  or  gravel  from  entering  with  the  water.  A  short  leatherm 
tube  connects  this  pipe  with  the  suction  cock.  This  engine  is  worked  at 
the  ends  of  the  carriage,  and  the  piston  rods  are  connected  to  the  lever  by 
•lings,  and  made  to  rise  and  (all  in  a  perpendicular  position  by  radius  ban 
jointed  to  the  upper  ends  of  the  latter,  and  to  permanent  pieces  that  pn>> 
wot  from  the  frame  that  lupports  the  fulcrum. 


The  elevation  of  the  jet  depends  upon  the  pressure  to  which  the  ur  in 
the  air  chamber  is  subjected ;  the  elasticity  or  spring  of  that  fiuid  being 
inversely  as  the  space  it  is  made  to  occupy.  Before  an  engine  is  set  to 
work  the  interior  of  the  chamber,  tike  tliat  of  all  empty  vessels,  (to  use  a 
vulgar  solecism,)  is  filled  with  common  air,  of  that  degree  of  density  in 
which  It  appears  near  the  earth's  surface  ;  but  when  the  pumps  are  set  10 
work,  ihe  water  forced  by  them  into  the  chamber  crowds  ihe  air  into  the 
dome  or  upper  part  of  that  vessel,  wiience  there  is  no  passage  for  its  es- 
cape; and,  as  Uie  liquid  accumulates,  the  air  is  condensed  more  and  more, 
antJ,  by  its  reaction  on  the  surfaco  of  the  water,  it  drives  the  latter  through 
the  jet  or  hose  pipe,  and  with  a  force  exactly  proportioned  to  the  degree 
of  its  compressure.  Thus  i;'  the  volume  of  air  in  the  chamber  be  com- 
pressed into  half  its  ou1k,  tho  JRt  would  rise  to  about  32  or  33  feet,  (if  not 
retarded  by  friction,  nr.gles  or  other  imperfections  in  the  pipe;)  and  if  it 
wera  made  to  oco::p^  jne  t';ird  of  \\»  former  space,  its  spring  would  be 
three  times  greater  tVan  commOD  air,  and  would  force  the  jet  to  an  eleva- 
tion of  about  64  or  ti6  feet :  autl  •«  oi'.     A  tabular  statement,  similar  to 
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the  fbllowiDg,  exhibiting  the  relation  between  the  height  of  a  jet  and  tlie 
aJT'«  compressure,  has  long  been  published.  It  is,  however,  of  little  use 
to  practical  men.  We  doubt  if  a  column  of  water  of  the  size  of  those 
thrown  by  ordinary  engines  could  be  raised  by  any  means,  two  hundred 
feet  above  the  oriHce  pf  the  pipe  whence  it  issued :  the  lesistance  of  the 
atmosphere  .would  disperse  it  before  it  could  reach  that  elevation. 

▼oliiia*  of  air  contaioed  id  the  air  Ratio  of  tbo  air*a 

dumber  compreated  to  elaftticitj. 
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Great  \u  are  the  advantages  derived  from  air  chambers,  some  attention 
to  them  is  required  in  order  to  secure  at  all  times  the  benefit  they  are 
designed  to  imparL  When  neglected  (and  we  believe  few  parts  of  an 
engine  exercise  the  attention  of  firemen  less)  they  often  become  actually 
injurious,  for  when  no  advantage  is  derived  from  the  elasticity  of  the  con- 
fined air,  the  water  is  impeded  in  its  progress  by  passing  through  them. 
Upon  the  trial  of  engines  it  sometimes  occurs  that  the  water  is  thrown 
higher  at  their  first  working  than  after  they  have  been  a  ft;w  minutes 
in  use,  and  this  notwilhstandmg  all  the  efforts  of  the  firemen  to  make  the 
jet  reach  the  first  elevation.  This  result  has  sometimes  been  attributed  to 
fatigue  in  the  men — to,  obstacles  in  the  pipes-^to  grit  or  sand  under  the 
valves,  &c.  whereas  in  fact  it  was  often  due  to  the  air  vessel  alone  ;  t.  t, 
to  the  cfscape  of  air  from  it.  This  escape  may  be  occasioned  by  mi- 
nute leaks  in  the  chamber,  but  when  no  such  imperfections  exist  the  air 
frequently  makes  its  exit,  and  Its  place  becomes  occupied  by  the  liquid. 
Whenever  air  is  subjected  to  great  pressures  in  contact  with  water,  it  is 
quickly  absorbed  by  the  latter,  and  in  this  way  it  is  that  it  often  disappears 
from  the  jair  chsunl^ers  of  fire-engines,  and  also  from  those  of  pressure-en- 
gines. Heron's  fountain,  water  rams,  &c.  When  a  long  suction  hose  is 
attached  to  an  engine  and  the  ktter  w^orked  at  a  moderate  velocity,  a 
sufficient  supply  of  air  to  replace  that  taken  up  by  the  water,  commonly 
enters,  unknown  to  the  firemen,  through  the  seams  and  joints  ;  but  when 
one  engine  is  fed  by  another  pouring  water  into  its  cistern,  there  is  little 
chance  for  the  requisite  supply  of  air,  unless  a  minute  opening  were  left 
in  the  cap  that  screws  over  the  orifice  of  the  suction  pipe,  at  one  end  of 
the  engine. 

The  suction  cocks  of  some  engines  diminish  their  useful  effect  in  con- 
sequence of  the  holes  through  the  plugs  being  smaller  than  other  pas- 
sages for  the  water. 

The  great  desideratum  in  modem  fire-engines  is  an  improved  mode  of 
"working  them.  At  page  73  we  remarked  that  experimental  researches 
have  shown  the  useful  effect  of  a  man  working  a  pump,  in  the  ordinary 
^vay  with  a  lever,  to  be  fifty  per  cent  less  than  when  he  turns  a  crank ; 
ana  that  when  his  strength  is  appUed  as  in  the  act  of  rowing,  the  effect  id 
nearly  one  hundred  and  fifty  per  cent  more  than  in  moving  a  pump  lever 
This  is  sufficient  to  induce  efforts  to  supersede  the  present  mode  of  work- 
infiT  the  pumps  of  fire-engines,  and  particularly  so,  as  the  labor  is  so 
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vere  that  few  can  continue  it  above  a  minute  or  two  at  a  time,  when  if 
relays  of  men  are  not  ready,  buildings  on  fire  are  left  to  fate.  The  jais 
or  concussions  produced  by  the  violent  contact  of  the  levers  with  the 
tides  of  the  carriage  at  every  stroke,  is  a  source  of  waste  of  firemen's 
energy,  and  want  of  uniformity  in  their  movements  when  at  woik,  is 
another.  In  the  29th  vol.  of  the  London  Mechanics'  Magazine,  a  contri- 
vance is  described  for  diminishing  the  shocks  consequent  on  the  contact 
of  the  levers  with  the  carriage.  It  consists  of  three  spiral  springs  enclosed 
in  cylindrical  cases  secured  on  each  side  of  the  carriage ;  pads  rest  on  the 
springs  and  project  above  each  case,  and  upon  them  the  levers  strike  when 
pulled  down.  Blocks  of  caoutchouc  were  previously  tried,  but  the  vio- 
lence of  the  blows  soon  .rendered  that  material  useless.  The  velocity 
wiih  which  engines  are  sometimes  worked  also  occasions  a  useless  expen- 
diture of  their  strength  ;  wc  have  seen  some  drawing  water  through  long 
suction  pipes,  and  the  pumps  worked  so  quickly  that  the  water  certainly 
had  not  time  to  pass  through  the  hose  and,^  the  cylinders,  ere  the  pis^ 
tons  began  to  descend. 

If  some  mode  of  making  the  carriage  immovable,  and  the  pumps  were 
worked  by  long  cranks  on  each  side,  the  firemen  could  not  only4>erfbnn 
fifty  per  cent  more  labor,  but  they  could  do  it  with  less  exer&on,  and 
conse^ently  endure  it  longer.  A  modification  of  the  plan  adopted  in 
the  Ypres  engine,  page  325,  would  be  still  more  effective ;  in  addition 
to  which  ropes  mi^t  be  attached  to  the  bars,  and  any  number  of  specta- 
tors could  then  a^isL 

If  we  review  the  progress  of  fire-engines  in  modem  times,  finom  the 
simple  syringe  to  the  splendid  machines  of  the  present  day*,  we  shall  find 
that  every  important  improvement  in  the  apparatus  for  raising  the  water, 
was  a  nearer  approach  to  the  engine  described  by  Heron.  Previous  to 
the  16th  century,  syringes  or  squirts  only  were  in  use,  and  not  till  die 
Spiritalia  had  been  translated  and  printed  do  we  meet  with  the  applica- 
tion of  pumps.  At  first  a  single  working  cylinder  was  employed,  and  the 
piston  moved  by  a  single  lever  as  in  No.  144 ;  then  two  cylinders,  each 
worked  by  a  separate  lever,  were  united  to  one  discharging  pipe-*next 
the  double  lever,  as  figured  by  Heron,  by  which  an  alternating  movement 
of  the  pistons,  and  a  more  efficient  application  of  the  force  employed  was 
secured  ;  then  the  goose-neck,  also  mentioned  by  Heron-— ana  lastly,  the 
air  vessel  made  its  appearance.  If  the  beautiful  and  philosophical  Jevioe 
last  mentioned,  be,  as  some  persons  have  supposed,  a  modem  invention, 
why  is  it  that  no  one  has  ever  rose  up  to  claim  it  I  is  not  this  a  tacit  ad- 
mission that  it  was  derived  directly  from  the  Spiritalin,  or  from  Vitrnvius's 
description  of  the  machine  of  Ctesibius  1  To  the  ancients,  then,  we  are 
Indebted  for  the  most  valuable  features  in  our  fire-engines,  and  it  is  not 
unreasonable  to  '-x>nclude  that  those  used  in  ancient  Kgypt  and  old  Rome 
were  as  effective  as  ours.  If  they  were  not,  it  is  very  strange  that  Heron 
should  have  hit  upon  that  construction  of  them  and  that  arrangement  of 
their  parts,  which  we  have  only  acquired  after  a  century  spent  in  ex- 
periments. 

Of  late  years  "  steam  fire-engises"  have  been  introduced  with  success 
in  some  parts  of  Europe :  a  snaall  horizontal  steam-etigine  with  its  boiler, 
being  arranged  on  the  carriage  of  the  fire-engine.  One  large  pump  cylin- 
der only  is  used,  and  its  piston  and  that  of  the  steam  cylinder  are  attached 
to  the  same  rod.  Mr.  Braithwaite,  a  London  engineer,  was,  we  believe, 
the  first  who  made  one  of  these  machines.  The  steam  cylinder  was  seven 
and  a  half  inches  diameter,  and  the  pump  six  and  a  half;  the  water  was 
forced  through  an  ajutage  of  seven-eighths  of  an  inch,  to  an  elevation  of 
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ninety  feet.  The  time  of  getting  the  an^taratus  into  play  from  the  moment 
of  igniting  the  ftie],  was  eighteen  mA^iutes.  When  an  alarm  of  fire  was 
given,  the  fuel  was  kindled  and  bellows  attached  to  the  engine  were  work- 
ed by  hand.  When  the  horses  were  harnessed  to  drag  the  machine  to 
the  fire,  the  bellows  were  worked  by  the  motion  of  the  wheels.  (See 
London  Mechanics'  Magazine  for  1830,  and  in  volume  xviii,  for  1832, 
there  is  a  figure  and  description  of  one  made  by  Mr.  B.  for  the  Prussian 
government,  being  designed  to  protect  the  public  buildings  of  Berlin.) 

One  or  two  of  these  machines  on  an  improved  plan  by  Mr.  Ericsson, 
are  now  being  constructed  in  this  city. 

FiRB-BNGiNES  IN  AMERICA. — The  nrst  use  of  fire-engines  is  an  impor- 
tant event  in  any  country,  and  may  be  considered  as  constituting  an  epoch 
in*  the  history  of  its  useful  mechanism :  moreover,  wherever  they  are  made, 
they  indicate  a  certain  degree  of  refinement  in  civilization  and  an  ad- 
vanced state  of  the  mechanic  arts.  To  their  introduction  into  this  conti- 
nent, future  historians  may,  and  probably  will,  have  recourse  for  data  res- 
pecting the  state  of  society  in  the  early  days  of  the  republic,  and  the  still 
earlier  times  during  which  the  country  was  subject  to  Europe ;  for  the 
circuif^stances  which  precede,  and  eventually  lead  to  the  adoption  of  fire- 
engines,  invariably  renect  light  on  the  manners  and  customs,  the  police  and 
other  municipal  regulations  of  the  times,  as  well  as  on  many  of  the  arts, 
particularly  those  connected  with  huUding,  The  following  extracts  from 
official  records  in  the  clerk's  office,  respecting  their  introduction  into  the 
city  of  New- York,  will  be  found  to  illustrate  some  of  the  above  remarks. 

It  does  not  appear  that  either  squirts  or  en^nes  were  used  during  the 
time  the  city  remained  in  possession  of  its  founders ;  viz  :  from  A.  D. 
1614  to  1664.  The  volume  of  Dutch  records  preserved  in  the  clerk's  of- 
fice, to  which  we  referred,  page  299,  contains  several  enactments  relating 
to  fires  and  fire  wardens,  but  no  mention  is  made  of  instruments  for  extin- 
guishing fires  until  1648,  when  ladders,  hooks  and  buckets  were  ordered 
from  Holland.  As  these  records  have  never  been  printed,  a  few  extracts 
from  the  "Ordinances  of  the  Director-General  and  the  Council  of  the  New 
Netherlands,"  wil^be  acceptable  to  most  readers.  The  first  one  is  dated 
May  29,  1647 :  it  cannot,  perhaps,  be  strictly  considered  as  related  to  our 
subject,  although  it  was  designed  to  remove  a  fruitful  source  of  fires,  viz  : 
inehriety.  On  the  above  date  the  Director-Genefal,  Petrus  Stuyvesant^ 
issued  a  proclamation,  addressed  to  certain  of  the  inhabitants  "  who  are  in 
the  habit  of  getting  drunk,  of  quarrelling,  fighting,  and  of  smiting  each 
other  on  the  Lord's  day  of  rest,  of  which  on  the  last  Sunday,  we  our- 
selves witnessed  the  painful  scenes."  It  appears  from  this  and  other 
edicts  to  the  same  effect,  that  the  governor  had  considerable  difficulty  in 
keeping  a  portion  of  his  people  sober ;  and  from  following  a  practice  which 
he  denounces  as  the  <*  dangerous,  injurious,  and  damnable  selHng,  giving 
out,  and  dealing  out,  wines,  beers,  and  ardent  spirits  to  the  Indians  or  na- 
tives of  this  land." 

Another  proclamation  is  more  to  our  purpose.  **  Whereas  it  has  come 
to  the  knowledge  of  his  excellency,  the  Director-General  of  New  Ne- 
therlands, Curacoa,  ^.  and  of  the  Islands  of  the  same,  and  their  Excellen- 
cies the  Councillors,  that  certain  careless  persons  are  in  the  habit  of  neg- 
lecting to  clean  their  chimnies  by  sweeping,  and  paying  no  attention  to  their 
fires ;  whereby  lately  fires  have  occurred  in  two  houses ;  and  whereas  the 
danger  of  fire  is  greater  as  the  number  of  houses  increases  here  in  New- 
Amsterdam  ;  and  whereas  the  greater  number  of  them  are  built  of  wood 
and  are  covered  with  reeds,  together  with  the  fact  that  some  of  the  houses 
liave  wooden  chimnies,  which  are  very  dangerous :     Therefore,  by  th0 
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prompt  and  excellent  Director-General  and  their  bonoufs  the  Councillon, 
It  has  been  deemed  advisable  and  highly  necessary  to  look  into  this  mat- 
ter, and  they  do  hereby  ordain,  enas;,  and  interdict,  that  from  this  time 
forth  no  wooden  or  platted  chimnies  fihall  be  permitted,  . .  •  Those  already 
standing  shall  be  permitted  to  remain  during  t]^e  good  pleasure  of  die 

fire  toardem As  often  as  any  chimnies  shall  be  discovered  to  be 

foul,  the  fire  wardens  aforesaid  shall  condemn  them  as  foul,  and  the  owner 
shall  immediately,  and  wjthout  any  gainsaying,  pay  tlie  fine  of  thraj 
guilders,  for  each  chimney  thus  condemned  as  foul ;  to  be  appropriated  to 
the  maintenance  o^  fire  ladder*,  hooks,  and  buckets  ;  which  shall  be  pro- 
vided and  procured  [from  Holland]  the  first  opportunity.  And  in  case  tiio 
house  of  any  person  shall  be  burned,  or  be  on  fire,  either  through  his  own 
negligence,  or  his  own  fire,  he  shall  be  mulcted  in  the  penalty  of  twenty- 
five  guilders,  to  be  appropriated  as  aforesaid.  Thus  done,  passed  and  pub- 
lished at  Fort  Amsterdam,  this  23d  day  of  January,  1648." 

This  ordinance  does  not  appear  to  have  produced  the  desired  eflec% 
since  a  similar  one  was  published  in  September  of  the  same  year.  In  Fe- 
bruary 1656  another  was  issued,  by  which  the  fire  wardens  were  directed  t9 
establish  such  penalties  for  chimneys  or  houses  taken  fire  **as  shall  hefimnd 
among  tht  cus^^nns  of  our  Fath^rlandJ*  At  the  close  of  the  following  ye2.r 
the  use  of  squirts  or  engines  does  not  appear  to  have  occurred  to  the  inha- 
bitants, a  circumstance  from  which  it  may  be  inferred  that  such  machines 
were  at  that  time  little  used  in  Holland,  and  this  also  appears  from  an  al- 
lusion to  the  practice  of  quenching  fires  therei,  in  a  proclamation  prohibi^ 
ing  wooden  chimneys,  flag  roofs,  &c.  "  In  all  well  regulated  cities  and 
corporations,  it  is  customary  that  fire  buckets,  ladders  and  hooks,  are  in 
readiness  at  the  comers  of  the  streets,  and  in  public  houses,  for  the  time  of 
need.  [Here  is  no  mention  of  engines,  although  the  instruments  used  ia 
Holland  are  obviously  alluded  to.J  The  Director-Greneral  and  the  coun- 
cillors do  ordain  and  authorize  in  these  premises,  the  burgomasters  of 
this  city,  either  personally  or  by  their  treasurer,  promptly  to  demand  (or 
every  house,  whether  small  or  large,  one  beaver,  or  eight  guilders  in  sea* 
want,  according  to  toe  established  price ;  for  the  purpose  of  ordering  from 
the  revenue  of  the  same,  hy  the  first  opportunity,  Jrbm  Fatherland,  two 
hundred  andfij).y  Uatherfire  buckets;  and  out  of  the  surplus,  to  have  made 
some^r^  ladders  a.nd fire  hooks:  and  in  addition  to  this,  once  a  year,  to 
demand  for  every  chimney,  one  guilder  for  the  support  and  maintenance 
of  the  same.  Thus  done  in  the  session  of  the  director-general  and  coun- 
cillors, held  in  the  fort  of  Amsterdam,  in  New  Netherlands,  this  15th  day 
of  December,  A.  D.  1657." 

After  New  Netherlands  became  a  British  province,  similar  ordinances 
continued  to  be  enacted  till  the  year  1731,  when  two  of  Newsham's  en- 
gines were  ordered  from  London.  These  were  probably  the  first  fire-en- 
gines used  on  thi^  continent.  The  following  extracts  are  from  the  mi- 
nutes of  the  common  council. 

"  At  a  common  council  held  the  16th  day  of  February  1676-7,  in  the 
2Sth  yeat  of  Charles  II.  Ordered  that  all  and  every  person  and  persons 
that  have  any  of  the  city's  ladders,  buckets  or  hooks  in  their  hands  or 
custody,  forthwith  bring  the  same  unto  the  mayor,  as  they  will  answer  die 
contrary  at  their  peril."  The  same  date  some  wells  were  ordered  to  be 
made  "  for  the  public  good  of  the  city,"  among  which  was  "  one  over 
against  YoulefF  Johnson's  the  butcher ;  and  another  in  Broadway  against 
Mr.  Vandike's."  "  At  a  common  council  held  the  15th  day  of  March 
1683,  m  the  36th  of  the  reign  of  Charles  II.  Ordered  that  provision  be 
made  for  hooks,  ladders  and  buckets,  to  be  kept  in  convenient  places 
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Within  this  city,  for  avoydliig  the  peril  of  fire."  No  mention  is  here  made  of 
engines,  nor  in  the  next  extract,  wherein  the  want  of  instruments  to  quench 
fire  is  especially  referred  to.  "  Feb.  28,  1686  :  Whereas  great  damages 
have  been  done  by  fire  in  ikis  city,  by  reason  there  were  not  instruments 
to  quench  the  same.  It  is  ordered  that  every  inhabitant  within  the  city 
whose  dwelling  house  hks  two  chimnies  shall  provide  one  bucket  for  its 
use :  and  every  house  having  more  than  two  hearths,  shall  have  two 
buckets.'*  Every  brewer  was  to  provide  six,  and  every  baker  three  buck- 
ets, under  a  penalty  of  six  shillings  for  every  bucket  ordered.  "  January, 
1689 :  Ordered  that  there  be  appointed  five  Brent  fnasters  for  the  city  of 
New- York,  as  follows:  Peter  Adolf,  Derek  Vanderbrink,  Derek  Ten 
£yk,  Jacob  Borlen,  Tobias  Stoutenbur|?h  ;  and  that  five  ladders  be  made 
to  serve  upon  occasion  of  fire,  with  sufficient  hooks  thereto." 

November  16,  1695  :  Every  dwelling  in  the  city  was  to  be  provided 
with  one  or  more  buckets  by  New-Year's  day.  The  tenants  were  to 
provide  them  for  Uie  houses  Uiey  occupied,  ana  the  cost  to  be  deducted 
from  the  rent.  Every  brewer  was  again  ordered  to  procure  for  his  pre- 
mises six,  and  every  baker  three.  Several  buckets  were  lost,  and  the 
public  crier  was  directed  to  give  notice.  These  "  orders"  do  not  appear 
to  have  been  implicitly  obeyed,  for  they  were  frequently  repeated,  and 
in  November  1703,  a  penalty  was  attached  for  noncompliance.  **  Octo- 
ber 1,  1706  :  Ordered  that  Alderman  Vanderburgh  do  provide  for  the 
public  use  of  this  city,  eight  ladders  and  two  fire  hooks,  and  poles  of  such 
length  and  dimensions  as  he  shall  judge  to  be  convenient,  to  be  used  in 
case  of  fire."  November  20,  1716,  a  committee  was  appointed  **  to  pro- 
vide a  sufficient  number  of  ladders  and  hooks  for  the  public  use  of  this 
city  in  case  of  fire."  In  November  1730,  fire-engines  are  first  men- 
tioned. On  the  18th  of  that  month  among  other  jiro visions  enacted  for 
the  prevention  and  exunguishment  of  fires,  one  is  in  the  following  words: 
**  And  be  it  ordained  by  the  authority  aforesaid,  that  forthwith  provision 
be  made  for  hooks,  ladders  and  buckets,  and  fire-engines,  to  be  kept  in 
convenient  places  within  the  city  for  avoiding  the  peril  of  fire."  At  the 
same  time  the  inhabitants  were  again  directed  to  provide  and  keep  buckets 
in  their  houses.  It  does  not  appear  that  any  active  measures  to  procure 
tlie  engines  were  taken  till  the  next  year,  for  under  the  date  of  May  6, 
1731,  the  common  council  **  Resolved  that  this  corporation  do  with  all 
convenient  speed  procure  two  comjflvle  Jire-^ngineSt  with  turlion  and  all 
fnaterial'9  thereunto  belonging f  fftr  the  ptthlic  service:  that  the  sizes  thereof 
he  the  fourth  and  sixth  sizes  of  Mr,  Neios\%n^hf re-engines  :  and  that  Mr. 
Mayor,  Alderman  Cruger,  Ahlerman  Rutgers  and  Alderman  Roosevelt, 
or  any  three  of  them,  be  a  committee  to  agree  with  some  proper  merchant 
or  merchants  to  send  to  London  for  the  same  by  the  first  conveyance, 
and  report  upon  what  terms  the  said  fire-engines,  ice.  will  be  delivered  to 
this  corporation." 

On  the  12th  of  June  the  committee  reported  that  the  engines  could  be 
imported  at  an  advance  of  120  per  cent  on  the  invoice ;  and  th^y  were 
oraered  accordingly.  They  seem  to  have  arrived  about  ihe  ^st  of  De* 
eember,  forl>n  that  day,  a  room  in  the  City  Hall  was  ordered  to  be  fitied  up 
**  for  securing  the  fire-engines."  On  the  lith  of  December  a  committee 
of  two  was  appointed  "  to  have  the  fire-engines  cleaned  and  the  leathers 
<nled  and  put  nito  boxes,  that  the  same  may  be  fit  for  immediate  use." 
January  Sii,  1732.  The  mayor  and  four  members  of  the  ccmrt  were  au- 
thorized to  employ  persons  to  put  the  fire-engines  in  good  order,  and  also 
to  agree  with  proper  persons  to  look  after  and  take  care  of  the  same.  It 
appears  that  Anthony  Lamb  was  the  first  superintendent  of  fire-engines. 
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for  on  the  24/A  ofJamuxry  1735,  the  mayor  was  ordered  ''  to  issue  his  war* 
rant  to  the  treasurer  to  pay  Mr.  Anthony  Lamb,  overseer  of  the  fire-engines, 
or  order,  the  sum  of  three  pounds,  current  money  of  this  colony,  in  full 
of  one  quarter  of  a  year's  salary,  due  and  ending  the  first  instant.''  On 
the  same  date  a  committee  was  appointed  to  employ  workmen  **  to  put 
them  in  good  repair,  and  that  they  have  full  power  to  agree  with  any 
person  or  persons  by  the  year,  to  keep  the  same  in  such  good  plight,  re- 
pair and  condition,  and  to  play  the  same  as  often  as  there  shall  be  occasion 
upon  any  emergency." 

AprH  15,  1736.  "  A  convenient  house  [was  ordered]  to  be  made  conti'- 
guous  to  the  watch-house  in  the  Broad  street  for  securing  and  well  keeping 
■  the  fire-en^nes  of  the  city."  This  seems  to  have  been  the  first  engine 
house.  May  1,  1736.  Jacobus  Turk,  a  gunsmith,  was  appointed  to  take 
charge  of  the  fire-engines  and  to  keep  them  in  repair  at  his  own  cost,  for 
a  salary  of  ten  pounds  current  money.  Mr.  Turk  undertook  during  the 
next  year  to  make  an  engine,  for  May  15,  1737,  the  common  council  or- 
dered the  sum  of  ten  pounds  to  be  advanced  '*  to  the  said  Jacobus  Turk, 
to  enable  him  to  go  on  with  finishing  a  small  fire-engine  he  is  making  fur 
an  experiment :"  probably  the  first  made  in  America. 

November  4,  1737.  The  common  council  drew  up  a  petition  to  the  le- 
gislature to  enable  the  corporation  ''  to  appoint  four-and-twenty  able  bo- 
died men,  inhabitants  within  this  city,  who  shall  be  called  the Jiremen  of  this 
city,  to  work  and  play  the  fire-engines  within  the  same,  upon  all  occasions 
and  emergencies,  when  they  shall  be  thereunto  reouir^d  by  the  overseer 
of  the  said  engines,  or  the  magistrates  of  the  said  city :  and  that  the  said 
firemen  as  a  recompense  and  reward  for  that  service,  may  by  the  same 
law  be  excused  and  exempted  from  being  elected  and  serving  in  the  office 
of  a  constable,  or  being  enlisted,  or  doing  any  duty  in  the  militia  regiment, 
troop,  or  companies,  in  the  said  city,  or  doing  any  duty  in  any  of  the  said 
offices  during  their  continuance  as  firemen  aforesaid."  This  law  was 
passed  by  the  assembly  in  September  following,  and  the  duty  of  firemen  de- 
fined. The  next  notice  of  engines  occurs  ten  years  afterwards,  in  March 
1748,  when  the  corporation  "  ordered  that  one  of  the  fire-engines  of  this 
city,  of  the  second  size,  be  removed  to  Montgomery's  Ward  of  this  city, 
near  Mr.  Hardenbrooks;  and  that  a  shed  be  built  thereabouts  at  the  charge 
of  this  corporation  for  the  securing  and  keeping  the  same."  By  thb  it 
appears  that  several  engines  besides  the  two  original  ones  were  then  in 
use.  The  one  just  named  was  a  different  sise  (much  smaller)  than  those 
first  ordered.  It  is  uncertair  v/hether  the  additional  ones  were  made  by 
Mr.  Turk,  out  probably  not,  since  both  large;  and  small  ones  were  ordered 
from  London  for  several  years  afler  this  date.  From  the  following  ex- 
tract we  find  that  several  of  the  large  fire-engines  (the  sixth  size  of  New* 
sham)  belonged  to  the  city.  February  28,  1749,  "Ordered  that  Major 
Vanhousand  and  Mr.  Provost  do  take  care  to  get  a  sufficient  house  built 
for  one  of  the  large ^e-engines,  to  be  kept  in  some  part  of  Hanover  square 
at  the  expense  of  this  corporation,  and  that  there  be  a  convenience  made 
therein  for  hanging  fifty  buckets :  and  also  ordered  that  there  be  one  hun- 
dred new  fire  buckets  made  for  the  use  of  this  corporation  with  all  con- 
venient speed." 

May  8,  1752.  "  Ordered  that  Jacob  Turk  have  liberty  to  purchase  six 
sraaM  speaking  trumpets  for  the  use  of  this  corporation,"  t.  e,  for  the  pur> 
pose  of  giving^  directions  to  firemen  during  conHagrations.  Jtme  20,  1758. 
"  One  large  fire-engine,  one  small  do.  and  two  hand  do."  were  ordered 
to  be  procured  from  London.  My  24,  1761.  Mr.  Turk,  after  superin- 
tending the  engines  for  twenty-five  years,  was  superseded  by  Jacobus 
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Stoutehbui^h,  who  was  <lirected  to  take  charge  of  them  at  V  salary  of 
tbircy  pounds ;  and  '*  the  late  overseer,  Mr.  Jacobus  Turk,  [was  ordered 
to]  dehver  up  to  the  said  Jacobus  Stoutenburgh,  the  said  several  lire-en- 
gines." Novtmber  19,  1762.  The  firemen  were  directed  to  wear  leather 
cajfs  when  on  duty.  May  7,  1772.  An  engine  was  ordered  to  be, pro- 
vided for  the  Out  ward.  July  10,  1772.  "  iilderman  Gautier  laid  before 
this  board  an  account  of  the  cost  of  two  fire-engines  belonging  to  Thomas 
Tillier :  and  Alderman  Gautier  is  requested  to  purchase  the  same."  Sep- 
temher  9,  1772.  A  committee  was  authorized  "to  purchase  one  other  fire- 
engine  of  David  Hunt."  The  three  engines  last  named  were  probably 
from  England,  for  at  th^time  these  machines  were  in  the  list  of  ordinary 
imported  manufactures. 

It  is  not  impossible  that  some  engines  were  made  in  Massachusetts  about 
the  time  of  the  Revolutionary  war.  In  October  1767,  the  people  of  Bos- 
ton, irritated  by  the  exactions  and  disgusted  with  the  parasites  of  mo- 
narchy, determined  in  a  town  meeting  to  cease  importing  from  the  31st  of 
Decemljer  following,  numerous  articles  of  British  manufacture,  among 
which  were  enumerated  anchors,  nails-,  pewter^ware,  clothing,  hats,  car- 
riages, cordage,  furniture,  and  fire-engines.  And  in  March  1768,  the  As- 
sembly resolved,  "  that  this  house  will,  by  all  prudent  means,  endeavour 
to  discountenance  the  use  of  foreign  superfluities,  and  to  encourage  the 
manufactures  of  this  province ;"  hence  it  is  reasonable  to  suppose  that  en- 
gines either  had  been,  or  then  could  be  made  in  the  province ;  otherwise 
It  is  not  likely  that  their  iniporUition  would  have  been  denounced.  As 
an  article  of  trade  they  were,  from  the'  limited  numlier  required,  insignifi- 
cant— they  had  no  conned  ion  with  luxury;  and  so  far  from  being  "  su- 
perfluities," they  were  necessary  to  protect  the  property  of  the  people 
from  destruction— -they  would  therefore  be  among  the  la^t  things  that  a 
people  would  cease  to  import  while  unable  to  make  them* 

It  was  not  till  several  years  after  the  close  of  the  struggle  for  indepen- 
dence that  fire-engines  were  made  in  thi^and  some  other  cities.  They 
have,  however,  long  been  made  here  and  in  Philadelphia,  Boston,  &c. 
Small  engines  were  formerly  used,  but  they  have  gradually  disappeared, 
the  manufacturers  confining  themselves  principally  to  the  largest.  The  u§e 
of  buckets  has  also  been  discontinued  on  account  of  the  extensive  applica- 
tion of  hose.  Village  engines  are  sometimes  constructed  with  single  cy- 
linders and  double  acting,  but  being  more  liable  to  derangement,  they  are 
not  extensively  used.  Rotary  engines  are  also  made  in  some  parts  of 
New-England,  on  the  principle  of  Bramah  and  Dickenson's  pumps,  (No. 
138.1  As  ordinary  fire-engines  are  merely  forcing  pumps,  arranged  in 
carriages  and  furnished  with  flexible  pipes ;  it  is  not  to  be  supposed  that 
any  radical  impr^^vement  upon  t}iem  can  be  effected.  The  pump  ^itself 
Is,  {>erhaps,  not  capable  of  any  material  change  for  the  better;  and  it  is  at 
present  essentially  the  same  as  when  used  by  Ctesibius  and  Heron  in 
Egypt,  twenty  centuries  ago :  hence  fire-engines,  since  hose  pipes  and  wir 
chambers  were  introduced,  have  differed  from  each  other  chiefly  in  the 
carriages  and  in  the  arrangement  and  dimensions  of  the  pumps— as  the 
position  of  the  cylinders,  modes  of  working  the  pistons,  bore  and  direction 
of  the  passages  for  the  water,  &c.  In  these  respects  there  is  pot  much 
diflerence  between  European  and  American  engines;  nor  in  the  varieties 
of  the  latter.  Those  made  in  Philadelphia  rather  resemble  French  and 
G^erman  engines,  in  working  the  pumps  at  tlie  ends  of  the  carriages,  and 
without  the  sectors  and  chains ;  while  New- York  engines  are  precisely 
the  same  as  Newsham's,  both  in  the  arrangement  of  the  pumps  and  mode 
of  working  tliem,  with  die  exception  of  treddles,  which  are  not  uiedf 
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No.  153  repreaenta  ui  external  riew  of  s  FhiWelphia  en^ne ;  th« 
pumjM  and  air  vesBel  are  arranged  «a  in  Xo.  150,  but  the  p^ton  rod*  are 
connected  directly  to  the  bent  lever,  which  is  moved  by  a  doub'.e  set  of 
handles  or  ataves.  A  number  o.'  neu  stand  upon  each  end  of  the  cistern  and 
work  the  engine  by  the  staves  nearest  to  them,  while  other*  on  the  ground 
apply  their  strength  to  the  itaves  at  the  extremities  of  the  lever.  The 
staves  turn  upon  studs  at  the  centre  of  the  cross  bars,  luid  when  put  in 
operation,  &I1  into  claspa  that  retain  them  in  their  places.  Provision 
is  mode  to  convey  the  stream  either  from  the  lower  or  from  the  upper 
part  of  the  air  chamber.  Hose  compaiues  supply  the  engines  with  water. 
The  firemen,  as  in  all  American  cities,  are  volunteers,  and  generally  con- 
sist of  young  tradesmen  and  merchants'  clerks,  &c.  They  are  exempt 
from  [qiliria  and  jury  diity.  Each  member  pays  a  certain  sum  on  his 
admission,  and  a  imdl  annual  subscription.  A  fine  ia  also  imposed  upon 
any  one  appearing  on  duty  without  his  appropriate  dress  (see  ^ute  in  the 
cut)  as  well  for  being  absenL  A  generous  spirit  of  rivalry  exists  among 
the  different  companies,  which  induces  them  to  keep  theu  engtoea  in  a 
high  state  of  working  order. 


No.  154  exhibits  a  New- York  *  ^ 
ranged  and  worked  precisely  as  shown  in  the  section  No.  150.  They 
are  six  and  a  half  inches  diameter,  and  the  pistons  have  a  stroke  of  nino 
inches.  Previous  to  the  Formation  of  hose  companies,  each  engine  was 
provided  with  a  reel  of  hose ;  this,  when  not  in  use,  M^as  covered  by  a 
case  of  varnished  cloth  or  leather.  Most  of  the  engines  still  have  reels, 
which  are  carried  as  shown  in  the  cut.  The  stream  of  water  is  invariably 
taken  from  the  top  of  the  air  chambers,  which  resemble  the  one  at  No.  150. 
This  practice  is  bad,  because  in  most  cases  that  part  of  the  hose  between 
the  goose-neck  a!nd  the  fire  descends  to  the  ground,  and  hence  the  water 
m  the  pipe  ia  unnecessarily  diverted  from  its  course  and  >  corresponding 
diminution  of  effect  is  the  result  In  all  cases  the  hose  had  better  be  con- 
nected to  the  bottom  of  the  air  chamber,  or  to  its  side  near  the  bottom, 
u  in  Nos.  148,  153   155.     Very  l(mg  chambers  (as  the  one  in  No.  150) 
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rpurd  the  issne  of  tho  li'^uic?  mora  than  othen  wliich  dischar^  it  from 
tlie  top,  because  the  veud'-  has  to  dcecend  in  them  nearly  perpendicu- 
larly to  enter  fhe  iriRce  of  the  pipe,  and  its  direction  in  then  precisely 
repined,  for  it  ha4  to  risj  perpendicularly  in  urder  to  escape. 


In  exterior  decoration  American  engines  are  probably  unnvaled  i  th« 
firemen  take  pride  in  ornamenting  their  respective  machines,  and  henca 
most  of  ihem  are  finished  in  the  most  superb  and  expensive  manner.  The 
whole  of  the  iron  work,  except  the  tire  of  the  wheels,  is  freciuently  plated 
with  silver ;  every  part  forined  of  brass  is  brought  to  the  highest  polish ; 
and  while  all  the  wond  work,  including  the  wheels,  is  elegantly  painted 
and  gilded,  the   backs,  fronts,  and   panels   of  the   case   that  encloses   the 


1  nan, 


id. pumps,  are   enriched  with   historical   and  emblematical 
paintings  and  carved  work,  by  the  first  artists. 

A  new  organi^iBlion  of  the  hre  department  of  New-York  has  long  been 
in  contemplation,  and  the  project  of  a  law  to  tjiat  effect,  is  at  this  time 
under  the  consideration  of  the  legislature  of  the  state,  and  of  the  corpo- 
raliiin  of  the  city.  " 

The  most  valuable  contribution  of  American  mechanicians  to  the  meaiib 
of  extinguishing  fires  is  the  rieelfd  hose,  invented  by  Sellers  and  Pennock 
of  Philadelphia.  It  is  too  well  kr.own  both  here  and  in  Europe  to  i«- 
quire  particular  description.  No  modem  apparatus  is  complete  without  it. 

The  Mechanics'  Institute  r,f  New-York  ofierod  a  gold  medal  (in  January 
1840)  for  the  best  plan  of  a  Stram  fire-engine.  The  publication  of  the 
E.itice  was  veiy  limited,  and  but  two  or  three  plans  were  sent  in.  Of 
these,  one  by  Mr.  Ericsson,  a  European  engl  leer  now  in  this  country,  re 
ceived  the  prize.  No.  1S5  represents  a  view  of  the  engine.  No.  156  a 
IrrTgi'udiiial  section  of  the  boiler,  steam  engine,  pump,  air  vessel  and  blow- 
ing apparatus.  No.  157,  plan.  No.  153,  a  transverse  section  of  the  boiler 
ihrougn  'he  furnace  and  steam  chamber.  No.  159,  the  lever  or  handl« 
f'-r  Working  the  blowing  apparatus  by  hand.  The  following  is  the  inven- 
li>r's  description,  in  which  ttie  same  letters  of  reference  denote  the  nins 
parts  in  all  the  figures. 
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"  A  the  double  tcdng  force  pump,  cut  of  gun  metd,  <imly  lecored  to  the 
caiTiB.ge  frame  fay  four  strong  brackeU  caat  on  its  suleB.'  a,  a.  Suction 
ralvos.  a',  a'.  Suction  passagei  leading  to  the  cylinder,  a",  Chamber 
containing  the  auction  valvei,  and  to  which  chamber  are  connected  luctioa 
pipes  a"',  a'",  t*)  which  the  hoae  ii  attached  by  screws  In  Jie  uEuai  man- 
ner, and  closed  by  the  ordinary  screw  cap.  The  delivermg  valves  and 
^  paiMgei  at  ttie  top  of  the  cylinder  are  simiJar  to  those  juat  mentioned. 


B  the  air  veMel,  of  a  globular  form,  made  of  copper,  b  h  delinry 
pipes,  to  which  the  pressure  hose  is  attached  :  vhen  only  ooejet  is  re- 
qiured,  tlie  opposite  pipe  may  be  closed  by  a  screw  cap,  as  usual.  The 
piston  or  bucket  of  the  force  pump  to  be  provided  with  double  teatber 
packing:  [cupped  leathers]  the  piston  rod  to  be  made  o''<'«pper. 
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"  C  the  boiler,  conatructed  on  the  principle  of  die  ordiniiiy  locomotivo 
bniler,  u)d  containing  27  lubes  of  1^  inch  diameter.  The  top  of  tha  steam- 
ehamber  and  the  horisontal  part  of  the  boiler  should  be  covered  with  wood< 
to  prevent  the  radiation  of  heat,    e  the  fire  door,    c'  the  B«h  pan. 


e"  a  box  attached  to  end  of  boiler,  inclodng  the  exit  of  the  tnbei,  Th« 
hot  air  from  the  tubes  received  by  this  box  is  pasted  off  through  smoke 
pipe  c"',  which  is  carried  through  D  D,  making  a  half  spiral  tinn  roun^ 
the  air  vessel  in  the  form  of  a  serpent,  c*,  iron  brackets  riveted  to  the 
boiler,  and  bolted  to  the  carriage  frame,  e*,  a  wrought  iron  stay,  also 
bolted  to  the  carriage  frame,  fur  supporting  the  horizontal  part  of  the  boiler 
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**  E,  a  cylindrical  box  attached  to  the  top  of  the  steam  chamber,  contain- 
mg  a  conical  steam  valve  e,  and  also  safety  valve  e'.  e^'  screw  with 
handle  connected  to  the  steam  valve,  for  admitting  or  shutting  off  the  steam 
^"  induction  pipe,  for  conveying  the  steam  to 

F,  the  steam  cylinder,  provided  with  steam  passages  and  slide  valve  of 
the  usual  construction,  and  secured  to  the  carriage  frame  in  the  same  man- 
ner as  the  force  pump,  y*  Eduction  pipe,  for  carrying  off  the  steam  into  the 
atmosphere.  J^  Piston,  provided  with  metallic  packing,  on  Barton's 
plan,  y^'.  Piston  rod  of  steel,  attached  to  the  piston  rod  of  the  force 
pump  ))y  means  of 

G.  a  crosshead  of  wrought  iron,  into  which  both  piston  rods  are  inserted 
and  secured  by  keys,    g,  Tappet  rod  attached  to  the  crosshead,  for  mov 
ing  the  slide  valve  of  the  steam  cylinder  by  means  of  nuts  ^,  g^,  w^hich 
may  be  placed  at  any  position  on  the  tappet  rod. 

H.  Spindle  of  wrought  iron,  working  in  two  bearings  attached  to  the 
cover  of  the  steam  cylinder,  the  one  end  thereof  having  fixed  to  it,  k 
a  lover,  moved  or  struck  ultimately  by  the  nuts  ^,  g'.  h-  a  lever,  fixed  to 
the  middle  part  of  the  spindle  H,  for  moving  the  steam  valve  rod. 

I.  Force  pump  for  supplying  the  boiler,  constructed  with  spindle 
valves  on  the  ordinary  plan  ;  the  suction  pipe  thereof  to  communicate 
with  the  valve  chamber  of  the  water  cylinder,  and  the  delivering  pipe  to 
be  connected  to  the  horizontal  part  of  the  boiler,  t,  Plunger  of  fome  pump, 
to  be  made  of  gun  metal  or  copper,  and  attached  to  the  crosshead  G. 

J.  Blowing  apparatus,  consisdng  of  a  square  wooden  box,  with  pan- 
eled sides,  in  which  is  made  to  work  a  square  piston  j^  made  of  wood, 
joined  to  the  sides  of  said  box  by  leather,  y,  Circular  holes  or  openings 
through  the  sides,  for  admitting  atmospheric  air  into  the  box;  these  holes 
being  covered  on  the  inside  by  pieces  of  leather  or  India  rubber  cloth  to 
act  as  valves.  jf\  are  similar  holes  through  the  top  of  tlie  box,  for  passing 
off  the  air  at  each  stroke  of  the  piston,  into 

K.  Receiver  or  regulator,  which  has  a  movable  top  ^,  made  of  wood, 
joined  by  leather  to  the  upper  part  of  the  box  ;  a  thin  sheet  of  lead  to  be 
attached  thereto,  for  kee;jmg  up  a  certain  compression  of  air  in  the  rem 
later.  ^^  Box  or  passage  made  of  sheet  iron,  attached  to  the  blowmg 
apparatus,  and  having  an  open  communication  with  the  regulator  at  ^ : 
to  this  passage  is  connected  a  conducting  pipe,  as  marked  by  dotted  lines 
in  No.  156,  for  conveying  the  air  from  the  receiver  into  the  ash  pan,  under 
the  furnace  of  the  boiler  at  kf" ;  this  i  inducting  pipe  passes  along  the  in- 
side of  die  carnage  frame  on  either  side. 

L,  L.  Two  parallel  iron  rods,  tt>  vhich  the  piston  of  the  blowing  sp- 
paratus  is  attached  :  these  rods  work  through  guide  brasses  /,  /,  and  they 
may  be  attached  to  the  crosshead  G,  by  keys  at  /^  V,  The  holes  at  the 
ends  of  the  crosshead  for  admitting  these  rods  are  sufficiently  large  to  al- 
low a  free  movement  whenever  it  is  desirable  to  work  the  blowing  appa- 
ratus independently  of  the  engine. 

M.  Spindle  of  wrought  iron,  placed  transversely,  and  working  in  two 
bearings  fixed  under  the  carriage  frame :  to  this  spindle  are  fixed  two 
crank  levers  m,  m,  which  by  means  of  two  connectmg  rods  mf  m',  give 
motion  to  the  piston  rods  L,  L,  by  inserting  the  hooks  m",  m",  into  the 
eyes  at  the  ends  of  the  said  piston  rods. 

N.     Crank  lever,  fixed  at  the  end  of  spindle  M,  which  by  means  of 

O.     Crank  pin,  fixed  in  the  carriage  wheel,  and  also 

P.  Connecting  rod,  will  communicate  motion  to  the  blowing  appan- 
lus,  whenever  the  carriage  is  in  motion,  and  the  above  parts  duly  con- 
nected. 
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*' A  pin  n  it  fired  in  lever  N,  placed  at  such  distance  from  tlie  centre  of 
spindle  M,  that  it  will  fit  the  hole  n'  of  the  lever  shown  in  No.  159,  whilst 
9^'  receives  the  end  of  the  spindle  M.  Whenever  the  blowing  apparatus 
is  to  he  worked  by  the  engine  or  by  manual  force,  the  connecting  rod  P 
should  be  detached  by  means  of  the  lock  at  p.  The  carnage  frame  should 
be  made  of  oak,  and  plated  with  iron  all  over  the  outside  and  top  ;  the 
top  plate  to  have  small  recesses,  to  meet  the  brackets  of  the  cylinders,  as 
shown  in  the  drawing.  The  lock  of  the  carriage,  axles,  and  springs  to  be 
made  as  usual,  only  differing  by  having  the  large  springs  suspended  below 
the  axle.  The  carriage  wheels  to  be  constructed  on  the  suspension  prin- 
ciple ;  spokes  and  rim  to  be  made  of  wrought  iron,  and  very  light. 

The  principal  object  of  a  steam  fire-engine  being  that  of  not  depending 
on  the  power  or  diligence  of  a  large  number  of  men,  one  or  two  horses 
should  always  be  kept  in  an  adjoining  stable  for  its  transportation.  The 
fire  grate  and  flues  should  be  kept  very  clean,  with  dry  shavings,  wood  and 
coke,  carefully  laid  in  the  furnace  ready  for  ignition  ;  and  a  torch  should 
always  be  at  hand  to  ignite  the  fuel  at  a  moment*s  notice.  To  this  firu- 
engine  establishment  the  word  of  fire  should  be  given,  without  intermt, 
diate  orders :  the  horses  being  put  to,  the  rod  attached  connecting  the  car- 
riage wheel  to  the  bellows,  and  the  fuel  ignited,  the  engine  may  on  all  or- 
dinaiy  occasions  be  at  its  destination,  and  m  full  operation  in  ten  minutes." 

Attempts  to  supersede  fire-engines  were  formerly  common.  Zachary 
Greyl  is  said  to  be  the  first  who,  in  modern  times,  devised  a  substitute. 
This  consisted  ef  a  clobe  wooden  vessel  or  barrel,  containing  a  considera- 
ble quantity  of  water,  and  in  the  centre  a  small  iron  or  tin  case  full  of  gun- 
powder :  from  this  case  a  tube  was  continued  through  the  side  or  head  of 
the  barrel,  and  was  filled  with  a  composition  that  readily  ignited.  When 
a  room  was  on  fire,  one  of  these  machines  was  thrown  or  conveyed  intc» 
it,  and  the  powder  exploding  dispersed  the  water  in  the  outer  case  in 
every  direction,  and  instantly  extinguished  the  flames  although  raging 
with  violence  a  moment  before.  In  1723,  Godfrey,  an  English  chemist, 
copied  this  device,  ard  impregnated  the  water  with  an  "  antiphlogistic*' 
substance.  He  named  his  machines  ''  water  bombs."  In  the  year  1734, 
the  States  of  Sweden  offered  a  premium  of  twenty  thousand  crowns  for  the 
best  invention  of  stopping  the  progress  of  fires;  upon  which  M.  Fuches,  a 
German  chemist,  introduced  an  apparatus  of  the  same  kind.  Similar  de- 
▼ices  have  been  brought  forward  in  more  recent  days ;  but  after  making 
a  noise  for  a  time,  they  have  passed  into  oblivion.  (See  London  Maga- 
«ine  for  1760  and  1761.) 

Among  the  devices  of  modem  times  for  securing  buildings  from  fire,  may 
be  mentioned  the  plan  of  Dr.  Hales,  of  covering  the  floors  with  a  layer 
of  earth ;  and  that  adopted  by  Harley  in  1775,  of  nailing  over  joists,  floors, 
stairs,  partitions,  &c.  sheet  iron  or  tin  plate.     To  increase  ^e  effect  of 
fire-engines,  the  author  of  this  work  devised  in  1817,  and  put  in  practice 
•t  Paterson,  New  Jersey,  in  1820,  the  plan  of  fixing  perforated  copper 
pipes  over  or  along  the  ceilings  of  each  floor  of  a  factory  or  other  build 
ings,  and  connecting  them  with  others  on  the  outside,  or  at  a  short  dis 
tance  from  the  walls,  so  that  the  hose  of  a  fire-engine  could  be  rea 
dily  united  by  screws;  but  the  plan  had  been  previously  developed  by  Sir 
W.  Congreve.     It  has  recently  been  brought  before  the  public  as  a  new 
invention. 

Of  the  numerous  Fire  Escapes  that  have  been  brought  forward  in  modem 
times,  the  greater  part  are  such  asvwere  employed  by  the  ancients  to  scale 
and  to  enter  fortresses,  &c.  in  times  of  war.     It  is  indeed  obvious 
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tiiajt  the  same  devices  by  which  persons  entered  bnildings,  would  also  an- 
swer the  purpose  of  escaping  from  them :  and  as  the  utmost  ingenuity  of 
the  ancients  was  exercised  in  devising  4neans  to  accomplish  the  one,  it  waj 
exceedingly  natural  that  modern  inventors  should  hit  upon  similar  contri- 
vances to  effect  the  other.  In  the  cuts  to  the  old  Crerman  translation  of 
Vegetius,  to  which  we  have  so  often  referred,  there  are  ladders  of  rope 
and  leather,  in  great  variety,  with  hooks  at  the  ends  which  when  dirbwn 
by  hand  or  an  en^ne,  were  designed  to  catch  hold  of  the  comers  and  lops 
of  the  walls  or  windows — ^folding  ladders  of  wood  and  metal,  some  con- 
sistin^  of  numerous  pieces  screwed  into  each  other  by  the  person  ascend- 
ing, till  he  reached  the  required  elevation ;  others  with  rollers  at  their 
upper  ends  to  facilitate  their  elevation  by  rearing  them  against  the  front 
of  the  walls — ^baskets  or  chests  containing  several  persons  raised  perpen- 
dicularly on  a  movable  frame  by  means  of  a  screw  below,  that  pushed 
out  several  hollow  frames  or  tubes  contained  withm  each  other,  like  those 
of  a  telescope,  whose  united  length  reached  to  the  top  of  the  place  at- 
tacked—sometimes the  men  were  elevated  in  a  basket  suspended  at 
the  long  end  of  a  lever  or  swape.  Several  combinations  of  the  lazy  tongs, 
rr  jointed  parallel  bars  are  also  figured — one  of  these  moved  on  a  car- 
riage raised  a  large  box  containing  soldiers,  and  is  identical  with  a  fire 
escape  described  m  volume  xxxi  of  the  Transactions  of  the  London  So- 
ciety of  Arts. 

Anciently  the  authors  of  accidental  fires  were  punished  in  proportion 
to  the  degree  of  negligence  that  occasioned  them ;  and  they  were  com* 
pel  led  to  repair  to  the  extent  of  their  means,  the  damage  done  to  their 
neighbors.     A  law  of  this  kind  was  instituted  by  Moses,  probably  in 
imitation  of  a  similar  one  in  force  among  the  Egyptians.     Other  preven* 
tive  measures  consisted  in  the  establishment  of  watchmen,  whose  du^  it 
was  to  arrest  thieve?  and  incendiaries,  and  to  give  alarm  in  case  of  nre. 
From  th^  earliest  days,  those  who  designedly  fired  buildings  were  put  to 
death.     A  very  ancient  custom  which  related  to  the  prevention  of  fires, 
IS  still  partially  kept  up  in  Europe,  although  the  design  of  its  institution 
is  almost  forgotten,  viz  :  the  ringing  of  town  bells  about  eight  o'clock  in 
the  evening,  as  a  signal  for  the  mhabitants  to  put  out  their  lights,  rake 
together  the  fire  on  their  hearths,  and  cover  it  with  an  instrument  named 
a  curfeip  ;  a  corruption  of  couvrefou,  and  hence  the  evening  peal  became 
known  as  "  the  curfew  bell.**  It  has  been  supposed  that  the  custom  origi- 
nated with  William  the  Conqueror,  but  it  prevailed  over  Europe  long  be- 
fore his  time,  and  was  a  very  beneficial  one,  not  only  in  constantly  remind- 
ing the  people  to  guard  against  fire,  but  indicating  to  them  the  usual  time 
of  retiring  to  rest ;  for  neither  clocks  nor  watches  were  then  known,  and 
in  the  absence  of  the  sun  they  had  no  device  for  measuring  time.   Alfi^ 
the  Great,  who  measured  time  by  candles,*  ordered  the  inhabitants  of 
Oxford  to  cover  their  fires  on  the  ringing  of  the  bell  at  carfiut  every  night 
The  instrument  was  made  of  iron  or  copper.     Its-  genera!  form  may  be 
understood  by  supposing  a  common  cauldron  turned  upside  down  and 
divided  perpenuiculariy  through  the  centre;  one  half  being  furnished  with 
a  handle  riveted  to  it  would  be  a  oouvre  feu.     When  used  it  was  placpd 
over  the  ashes  with  the  open  side  close  to  the  back  of  the  hearth.     (See 
Diet.  Trevoux :  Hone's  Every  Day  Book,  vol.  i.  243,  and  Shakespeare's 
Romeo  and  Juliet,  Act  iv,  scene  4.) 

In  the  thirteenth  year  of  Edward  I.  (A.  D.  1285,)  an  act  was  passed 

•  In  ShakeApeare^i  play  of  Richard  III.  act  jf.  scene  3,  tfiere  is  a  reference  under  :be 
name  ofs  toatek  to  these  candles.  They  were  marked  in  lectioua,  each  of  which  was  a  car 
tsio  Ume  in  burning,  and  thus  measared  the  hoars  during  the  nt^t  or  cloudy  vresdMr. 
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against  incendiaries,  and  night  watchmen  were  ordered  to  be  appointed 
in  every  town  and  city.  In  1429  another  act  declared,  "  If  any  threaten 
by  casting  bills  to  bum  a  house,  if  money  be  not  laid  in  a  certain. place^ 
and  after  do  bum  the  house,  sucb  burning  shall  be  adjudged  high  trea- 
son." Beckman  says  that  regulations  respecting  fires  were  instituted  in 
Frankfort  in  1460.  In  1468  straw  thatch  was  forbidden,  and  in  1474 
shingle  roofs  were  prohibited.  The  first  general  order  respecting  fires  in 
Saxony  are  dated  1621,  those  for  Dresden  in  1529,  and  there  is  one  res- 
pecting buildings  in  Augsburg,  dated  1447.  The  following  preamble  to  an 
act  passed  in  the  37th  year  of  Henry  VIIl.  by  which  those  found  guilty  of 
the  crimes  enumerated,  were  to  sufier  *Hhe  pains  of  death,"  is  interesting  in 
more  respects  than  one.  "  Whoie  divers  and  sundry  malicious  and  envi- 
ous persons,  being  men  of  evil  perverse  dispositions,  and  seduced  by  the 
instigation  of  the  devil,  and  mindinfi^  the  hurt,  undoing  and  impoverish-' 
mcnt  of  divers  of  the  kings  true  and  faithful  subjects,  as  enemies  to  the 
commonwealth  of  this  realm,  and  as  no  true  and  obedient  subjects  unto 
the  kings  majesty,  of  their  maiiciouc  and  wicked  minds,  have  of  late  in- 
vented and  practised  a  new  damnable  kind  of  vice,  displeasure  and 
damnifying  of  the  kinss  true  su'>jects  and  the  commonwealth  of  tliis 
realm,  as  in  secret  bumma  of  frames  of  timber,  prepared  and  made  by  the 
owners  thereof,  ready  to  be  set  up  and  edified  for  houses  :  cutting  out  of 
beads  and  dams  of  pools,  motes,  stews  and  several  waters :  cutting  of 
conduit-heads,  or  conduit-pipes  :  burning  of  wains  and  cartb  loaden  with 
coals  or  other  goods :  burning  of  heaps  of  wood,  cut,  felled  and  prepared 
for  making  coals  :  cutting  out  of  beasts  tongues  :  cutting  off  the  ears  of 
the  kings  subjects :  barking  of  apple  trees,  pear  trees,  and  other  fruit 
trees;  and  divers  other  like  kinds  of  miserable  offences,  to  the  great  dis* 
pleasure  of  Almighty  God  and  of  the  kings  majesty,"  Szc.  (Statutes  at 
large.) 

The  crime  of  arson  was  rife  in  old  Rome,  and  it  is  singular  d^t  the 
mode  of  punishing  those  found  guilty  of  it,  is  among  the  numerous  ancient 
customs  that  have  been  retained  by  Roman  Catholics  in  their  religious 
institutions.  The  tunica  moletta  of  the  Romans  was  a  garment  made  of 
paper,  flax,  or  tow,  and  smeared  with  pitch,  bitumen  or  wax,  in  which 
mcendiaiies-were  burnt;  and  hence  arose  the  peculiar  dress  worn  by  the 
victims  in  those  horrible,  those  demoniacal  "  Acts  of  faith !"  the  AuUf  da 
Fe,  o'C  Italian,  Spanish,  and  Portuguese  inquisitions,  (to  which  the  scenes 
in  Smithfield  ana  other  parts  of  England  may  be  added,)  acts,  in  which 
the  order  of  justice  was  completely  reversed— the  sufferers  being  the  inno- 
cents, and  U*e  court  and  judges  the  real  criminals. 
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PRBMOKB  BWOiirBs:  Df  llMit«d  appUcstUMi — ^Ara  nod'Seatioaa  «r  funiaf  ud  loalBf  bocksli  mi 
|Miap*— Two  kinds  of  prcanireaiifiiMv—PulM  preMvre  •■fine  deaeribed  by  Flsdd— Preaivre  caglM 
tnm  Balidor^Ai^other  bjr  WMtfutli— Motire  preMare  aaflae*— Thaae  •kUbit  aaorel  node  ofaaiptoy* 
laff  water  aa  a  motire  af  eat— Variety  of  applieatioaa  of  a  liatoa  aad  ejliader— Canaea  of  tb«  aaeiaan 
beinf  if  norant  of  the  tteaai  eagino— Secret  of  makiaf  iaproveaMola  ia  the  art*— FalUm,  Ri  Wlulaef 
aad  Arkwrif h«~PreMttre  eafiaea  mif ht  have  beea  anticipated,  aad  raluable  lenoaa  in  Scieaee  wmf  be 
derived  ftt>ni  a  diiordered  pnmp— Arebimedee— Heron^  Poaataia— Portable  ooea  reeomaeaded  sa 
Ptower  Gardens  aad  Drawiaf -rooms,  ia  hot  weather— Their  iaTeatioa  gftve  riae  to  a  new  class  (^hjrdna- 
Ue  eaf iaee— f reaaure  enfine  at  Cbeouit*— Another  ■odidcatioa  of  Heron**  foaataln— Spini  pwnp 
ofWirta. 

pR£9siTRB  ENGINES,  named  by  the  TTrencK  ^€ukmei  d  coUmne  ^eau^ 
form  an  interesting  variety  of  hydraulic  devices  belongin^^  to  the  preMnt 
division  of  the  ^subject.  They  consist  of  working  cylinders  with  valves 
and  pistons,  and  resemble  forcing  pumps  in  their  construction,  but  differ 
from  them  in  their  operation ;  the  pistons  not  being  moved  by  any  exter- 
nal force  applied  to  them  through  cranks,  levers,  &c.  but  by  the  weight 
or  pressure  of  a  column  of  water  acting  directly  upon  or  against  them. 
Pressure  engines  are  not  very  common,  because  they  are  only  appli- 
cable to  particular  locations — such  as  afford  a  suitable  supply  of  water  for 
the  motive  column  ;  but  wherever  refuse,  impure,  salt  or  o Jier  water  can 
be  obtained  from  a  sufRcient  elevation,  such  water  may  be  used  to  raise  a 
quantity  of  fresh  by  these  machines. 

In  some  forms  pressure  engines  appear  rather  complicated,  but  when 
analyzed,  the  principle  of  their  action  and  mode  of  operation  will  be  found 
extremely  simple  : — If  two  buckets,  partly  filled  with  water,  be  suspend 
ed  and  balanced  at  the  ends  of  a  scale  beam,  and  a  stream  be  directed  into 
one  of  them,  that  one  will  preponderate,  and  consequently  the  other  with 
its  contents  will  be  raised,  and  to  a  height  equal  to  the  descent  of  the 
former;  but  when  it  is  required  to  raise  water  in  this  manner  to  an  eleva- 
tion that  exceeds  the  distance  through  which  the  descending  vessel  can 
&11 ;  then  the  capacity  of  the  latter  is  enlarged,  and  it  is  suspended  nearer 
to  the  fulcrum  or  centre  on  which  the  beam  turns,  as  in  the  gaining  and 
losing  bucket,  page  66 : — It  is  virtually  the  same  principle  that  is  cm- 
ployed  in  pressure  engines ;  the  difference  is  principally  in  the  manner  of 
performing  the  operation.  Instead  of  vessels  suspended  as  above,  two 
solid  pistons,  moving  in  cylinders,  are  attached  by  rods  or  chains  to  the 
ends  of  a  beam,  or  to  the  ends  of  a  cord  passed  over  a  pulley,  so  that  the 
pressure  of  a  longer  or  heavier  column  of  water  resting  upon  one  piston 
forces  it  down,  and  thereby  raises  the  other  and  with  it  the  lighter  or 
shorter  column  reposincr  upon  it. 

By  referring  to  the  16th  illustration  on  page  64,  it  will  be  apparent  that 
if  a  cylinder  extended  from  B  to  the  top  of  the  cistern  Z,  and  a  hollow 
piston  like  the  upper  box  of  an  atmospheric  pump  fitted  to  work  in  it 
were  substituted  for  the  bucket  B,  the  effect  produced  would  be  much 
the  same  as  with  the  two  buokets,  for  the  same  quantity  of  wuter  could  be 
i^sed  through  the  cylinder  into  the  cistern  Z,  if  allowance  were  made  for 
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an  increase  of  friction  in  the  passage  of  the  piston.*  And  if  another  cylin* 
der  extended  from  F  to  the  bottom  of  the  pit  at  O,  and  a  solid  piston  fit- 
ted to  it  were  used  instead  of  the  bucket  A,  witlk  a  contrivance  at  the  bot- 
tom to  allow  the  water  to  escape  ;  the  apparatus  would  then  be  a  pres- 
sure engine,  although  the  principle  of  the  motive  part  of  it  would  not  nave 
been  essentially  changed.  The  cylinders  in  this  example  would  perform 
the  part  of  the  buckets  A  B ;  they  might  be  considered  as  permanent  or 
fixed,  and  very  long  buckets  with  movable  bottoms,  i,  e.  the  pistons^  which 
by  ascending  and  descending  in  them  received  and  discharged  their  con- 
tents. And  as  with  the  buckets  A  and  B,  the  quantity  of  water  expended 
from  the  motive  or  descending  column  would  be  proportionate  to  the  di- 
mensions of  the  other  and  the  elevation  to  which  it  was  raised. .  Pressure 
engines  ma^  therefore  be  considered  as  a  peculiar  modification  of  the 
gaining  and  losing  bucket  machines,  and  as  a  combination  of  these  with 
atmospheric  and  ibrcing  pumps.  They  admit  of  various  forms  according 
to  the  location  in  which  they  are  used  Lr.d  the  objects  to  be  accomplished 
by  them.  As  liquids  press  equally  in  a'!  directions,  the  cylinders  may  be 
placed  in  any  position— horizontal,  inclined,  or  vertical.  Sometimes  a 
pressure  engine  consists  of  a  single  cylinder  with  its  appropriate  pipes  ana 
valves  like  a  double  acting  pump.  The  water  to  be  raised  enters  at  one 
side  of  the  piston,  and  the  motive  column  at  the  other ;  but  more  com 
monly  a  distinct  cylinder  and  piston  receives  the  impulse  of  the  motive 
column,  and  in  order  to  transmit  it  to  the  otlier,  the  two  pistons  are  some 
times  connected  to  the  same  rod  as  in  No.  161 — at  other  times  to  oppo- 
site  ends  of  a  vibrating  beam  as  in  No.  162 — so  that  while  one  cylindet 
ard  its  apparatus  act  as  a  pump  to  raise  water,  the  other  is  exclusively 
employed  to  work  it.  In  this  respect  pressure  engines  may  be  considered 
rather  as  devices  for  communicating  motion  to  machines  proper  for  i-aising 
water,  than  as  the  latter,  and  they  are  sometimes  used  as  propellers  of 
other  machines,  but  in  whatever  light  they  may  be  viewed,  they  arc  too 
interesting  to  be  omitted. 

There  are  two  kinds  of  pressure  engines,  but  they  differ  from  each 
other  only  in  that  part  which  receives  the  impulse  of  the  motive  column 
and  transmits  it  to  the  other.  In  one,  a  solid  oody  (a  piston)  is  used  for 
that  purpose — ^in  the  other,  a  volume  of  air;  but  while  a  slight  variation  is 
thus  caused  in  the  two  machines,  the  essential  features,  as  well  as  the 
moving  principle  of  both  remains  the  same.  Piston  pressure  engines  are 
■aid  to  have  been  invented  in  the  1 8th  century  by  M.  Hoell,  a  German  en- 
gineer.^ It  is  more  probable  that  he  improved  them  only,  for  they  cer- 
tainly were  known  much  earlier :  still  it  may  be  that  he  was  ignorant  of 
their  previous  use,  and  was  led  to  their  reinvention  by  his  efforts  to  raise 
ivater  from  the  Hungarian  mines,  in  which  he  erected  several  pressure 
machines  on  the  principle  of  Heron's  fountain :  the  transition  from  these 
to  the  other  was  easy  and  natural,  and  may  have  resulted  from  his  endea- 
vours to  avoid  a  defect  to  which  the  former  are  subject,  vi« :  the  absorp- 
tion of  the  air  by  the  water.  About  A.  I).  1739,  an  improved  form  of 
pressure  engines  was  devised,  and  introduced  into  some  mines  in  Franco 
oy  Belidor,  which  he  has  described  in  his  Architecture  Hydraulique.  Some 
writers  have  considered  him  the  author  of  piston  pressure  engines,  but 

*  Pomps  in  certain  locations  are  soiiietimes  worked  in  that  manner :  the  pistons  or 
rods  being  loaded  with  weights  sufficient  to  depress  them,  are  raised  bj  a  bncket  of 
water  suspended  at  tlie  opposite  end  of  Uie  beam,  which  when  it  reaches  the  bottom  its 
eontenUi  are  discharged,  like  the  bucket  A  in  No.  16,  D  in  No.  17,  or  G  in  No.  162. 

^  "  Machine  k  colonne  dVau.  GermHu  :  W.'isser  Saulene.  Machine ;  invent6e  par 
M.  Noell,  premier  Machinisie  d'L'Inip6nitrice."  Arts  et  Metieres.  L'Art  d'exploitor 
Las  Minw.    Folio  ed.,  Paris  1779,  page  1449.    Quarto  ed.  torn,  zviii,  p.  131. 
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the  lionor  of  tint  inventing  them  u  not,  !□  fact,  due.  to  either  Be1id(»  or 
Hoell,  Bi  the  following  figure.  No.  160,  from  a  work  published  a  centnrj 
befoiv  either  of  thoae  engineers  flourished,  will  show.  U  ia  from  Flwld'i 
Tfatura  timia  ten  Itchmiea  macrocotmi,  467.  The  character  of  this  author 
as  an  astrologer  and  alchymisC,  and  that  of  his  works,  which  abound  witk 
absurdities,  have  probably  caused  the  figure  to  be  overlooked  by  moden 
writers  on  hydrauhc  and  hydrostatic  apparatus.  Chemistry,  however,  ia 
not  the  only  science  that  is  indebted  to  the  shrewd  but  mistaken  seekera 
ofunivers^  panacea^i  and  of  the  ptiilosopher's  stone. 

The   lower  end   of  the  pipe  B  D  having  a  valve  opening  upwards,  ia 
tnscrteu  into  the  water  to  be  raised.     The  pipe  A  receives  the  descend- 
ing o'  motive  liijuitt  cqiumn,  which  'n  this  case  was  refuse  or  stagnant 
water,  flowing  from  a  source  of 
,  sufficient  altitude.      This   pipe 
''  may  be   at  a  c<M)siderable  dis- 
tabce  from  B  D,  and  is  so  repre- 
sented in  the  original  figure.    It 
terminates  below  in  a  pit,  draii^ 
or  low  ground,  whence  the  wa- 
ter discnarged  from  it  may  e» 
oape.     The  end  of  it  slioutd  ba 
lower  than  that  of  D,  and  should 
be  sealed  or  covered  by  water 
as  represented,  to   pi«vent  the 


tion  is  made  between  both  these 
mpes  by  the  horizontal  one  C. 
This  last  is  connected   to  A  at 
one  of  the  apertures  of  a  three- 
way  cock,  the  upper  and  lower 
part  of  A  being  united  to  the 
other  two.     The  other  end  uf  C 
terminates  at  the  bottom  of  a 
working  cylinder,  which  isdosed 
at  the  top,  by  a  short  tube  com- 
municating^th  B  D,  immediate- 
ly below  a  valve  placed  in  the 
Utter.    In  the  cylinder,  a  pinton 
(indicated  by  the  dotted  lines) 
is   fitted.     It  is  described   as  a 
wooden  plug  covered  with  lea- 
ther and  loEided  with  lead,  au 
as  to  make  it  descend  in  the  cy< 
No.  iw  PtMMi*  Biwiu  turn  nadd.  i.  D.  ifia.      Under  by  its  we^bt. 
To  put  this  machine  in  operation,  the  cylinder  and  pipe  D  are  first  filM 
with  water  through  the  fani.tl  and  small  cock,  after  which  the  latter  is 
dosed.     The  plug  of  the  thne-way  cock  is  then  so  arranffed,  that  its  two 
orifices  coincide  only  with  the   upper  part  of  A,  and  with  C,  when  the 
pressure  of  the  column  in  A  will  force  up  the  piston,  and  with  it  all  the 
water  previously  in  the  cylinder;  which  is  thus  compelled  to  ascetjd 
through  the  upper  valve  into  the  discharging  pipe  B.     When  this  baa 
taken  place,  the  vessel  Q-,  suspended  at  one  end  of  the  rod  that  passes 
through  the  shank  of  the  pi  jg,  has  become  filled  with  water,  from  tlie  small 
jet  issuing  from  A,  and  descending,  (htm  the  plug  of  (he  cock,  so  as  u> 
close  the  communication  of  the  upper  part  of  A  with  C,  and  open  it  !»•- 
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tween  C  and  the  lower  port  of  A,  upon  wbiclt  the  piston  descends  in  the 
cylinder  and  the  foul  water  in  C  escapes  through  the  lower  end  of  A  and 
runs  to  waste.  By  the  time  the  piston  reaches  the  bottom  of  the  cylinder, 
the  latter  is  refilled  with  water  hy  the  pressure  of  the  atmosphere,  as  in  a 
icominon  pump  ;  and  the  contents  of  G  have  escaped  through  an  onfic^ 
in  its  bottom,  which  is  closed  by  a  valve — this  valve  being  opened  ^} 
a  projecting  pin  upon  which  the  vessel  descended,  as  shown  in  the  figure. 
As  soon  as  Q  is  emptied,  the  weight  on  the  opposite  end  of  the  rod  prepon- 
deruee,  and  (urns  the  plug  of  the  cock  into  its  former  positian  ;  and  thus 
tiie  play  of  the  machine  is  continued  without  intermission.  The  operation 
of  fillmg  the  cylinder  through  the  funnel,  is  required  only  at  the  nrst,  lika 
thepriming  of  a  new  pump. 

llie  origin  nl'  this  machine  is  uncertain.  It  does  not  appear  to  have 
been  invented  by  Fludd  himself,  but  is  inserted  among  others,  which  he 
oopicd  from  older  authors  ;  Mid  such  as  he  Examined  abroad.  As  he  tra- 
Teled  in  Germany  and  has  described  some  of  the  hydraulic  machines 
used  in  the  mines  there,  (see  one  figured  on  page  219,}  it  is  probable  that 
he  derived  a  knowledge  of  it  in  that  country.  It  possesses  considerable 
interest — it  is  Klfoftiitg,  and  that  by  a  very  simple  device — it  shows  an  old 
application  of  the  three-way  cock — it  exhibits  tfae  application  of  refuse  or 
putrid  water,  to  raise  fresh,  and  in  a  way  somewhat  similar  to  one  re* 
centiy  protmscd — and  it  is  the  oldest  piston  pressure  engine  known. 

The  next  figure  from  Behdor,  shows  a  e         ' 
BO  much  so,  that  in  some  respects  it  may  h 


three-way  cock  F;  to  one  of 
the  opemnga  of  which  it  is 
united.     This    cock   is  con- 
nected, at  another  opening, 
to  the  borizontai  cylinder  C, 
whose    axis   coincides   with 
thotofasmallerone  D.  Both 
cylinders    are    of  the    same 
length ;  and  their  pistons  are 
attached  to  a  common  rud,  sa 
I  represented.  Two  valves  are 
placed  in  the  ascending  pipe 
B — one    below,  '  the    other 
M^HLTjm—ntmitmttttmBtiUar.  A.D.mt.         above  its  junction  with  the 
cylinder  D.     The  horizontal 
pipe  H  connects  B  and  D  with  the  third  opening  of  the  cock.  By  taming 
the  plug  of  this  cock,  a  communication  is  opened  alternately  between  each 
cylinder. and  the  water  in  A.     Thus  when  the  water  rushes  into  C,  it 
drives  the  piston  before  it  tn  the  extremi^  of  the  cylinder,  and  conse- 
quently the  water  that  was  previously  in  1)  is  forced  up  the  ascending 
pipe  B ;  then  the  communication  between  A  and  C  is  cut  off,  (by  turn- 
ing  the  cock]  and  that  between  A  and  D  is   opened,  when  the   pistona 
are  moved  back  towards  F  by  the   pressure  of  the  column  against  the 
amaller  piston — the  water   previously  in  C  escaping  through  an  opening 
ahown  in  front  of  the  cock  and  runs  to  waste,  while  that  which  enters  D 
is  necessarily  forced  up  B  at  the  next  stroke  of  the  pistons.     The  cock 
was  opened  and  closed  by  levers,  connected  to  the  middle  of  the  piston 
rod,  and  was  thus  worked  by  the  machine  iteclf     ^y  the  air  chambnr, 
the  discharge  &om  B  is  rendered  continaona. 
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Suppose  the  water  in  A  has  a  perpendicular  fall  of  thirty- four  or  thirtj- 
five  feet,  and  it  were  required  to  raise  a  portion  of  it  to  an  elevation  of 
seventy  feet  above  F ;  it  will  be  apparent  that  if  both  pistons  were  of 
tlie  same  diameter,  such  an  object  could  not  be  accomplished  by  this  r»- 
chine — for  both  cylinders  would  virtually  be  but  one — and  so  would  the 
pistons ;  and  the  pressure  of  the  column  on  both  sides  of  the  latter  would 
be  equal.  A  column  of  water  thirty-iive  feet  high  presses  on  the  base  that 
sustains  it  with  a  force  of  151bs.  on  every  superficial  mch ;  and  one  of 
seventy  feet  high,  with  a  force  of  301bs.  on  every  inch^hence  without  re- 
garding the  friction  to  be  overcome,  which  arises  from  the  rubbing  of  the 
pistons;  from  the  passage  of  the  water  through  the  pipe& :  and  from  the  ne- 
cessary apparatus  to  render  the  machine  self-acting — ^it  is  obvious  in  the  case 
supposed  that  the  area  of  the  piston  in  C  must  be  more  than  double  that 
in  D,  or  no  water  could  be  discharged  through  B.  Thus  m  all  cases,  the 
relative  proportion  between  the  area  of  the  pistons,  or  diameter  of  the  cy- 
linders, must  be  determined  by  the  dilTerence  between  the  perpendicular 
height  of  the  two  columns,  w  hen  the  descending  one  passes  through  a 
perpendicular  space,  greatly  exceeding  that  of  the  ascending  one,  then 
the  cylinder  of  the  latter  may  be  larger  than  that  of  the  former :  a  smaller 
quantity  of  water  In  this  case  raising  a  larger  one  :  it,  however,  descends 
hke  a  small  weight  at  the  long  end  of  a  lever,  through  a  greater  space. 

In  1769  the  London  Society  of  Arts,  awarded  to  Mr.  Westgarth  a  pre- 
mium of  fifty  guineas,  for  his  invention  of  a  pressure  engine.  It  is  des- 
cribed by  the  celebrated  Smeaton,  in  vol.  v,  of  their  Transactions,  as  "one 
of  the  gr^test  strokes  of  art  in  tlie  hydraulic  way,  that  has  appeared  since 
the  invention  of  the  fire  [steam]  engine."  oeveral  were  erected  by 
Mr.  W.  in  1765,  to  raise  water  from  lead  mines  in  the  north  of  Eng- 
land. They  were  simple  in  their  construction,  and  somewhat  resembled 
the  engines  of  Newcomen.  They  differed  from  those  of  Belidor  in  the 
position  of  the  cylinder ;  the  introduction  of  a  beam ;  the  substitution  of 
cylindrical  valves  in  the  olace  of  cocks ;  and  using  the  motive  column  to 
move  the  piston  in  one  direction  only.  The  cylinder  of  Westgarth's  en- 
gine was  placed  in  a  vertical  position,  the  piston  rod  of  which  was  sus 
pended  by  a  chain  from  the  arched  end  of  a  *'  walking"  or  vibrating  beam ; 
while  the  other  end  of  the  latter,  projected  over  the  mouth  of  the  mine  or 
pit,  and  was  connected  (by  a  chain)  to  the  rod  of  an  atmotjihene  p^mp 
placed  in  the  pit  This  rod  was  loaded  as  in  Newcomen's  engine,  so  as 
to  descend  by  its  weight  and  thereby  raise  the  piston  of  the  pressure  en- 
gine when*  the  column  of  water  was  not  acting  on  the  latter.  Thus,  whea 
the  motive  column  of  water  was  admitted  into  the  cylinder,  the  piston 
was  depressed,  and  the  end  of  the  beam  also,  to  which  it  was  connected ; 
consequently  the  pump  rod  and  its  sucker  were  raised,  and  with  them 
water  from  the  mine.  Then  as  soon  as  the  piston  reached  the  bottom  of 
he  cylinder,  the  motive  column  was  cut  off,  by  closing  a  valve ;  and  a 
passage  made  for  the  escape  of  that  within  the  cylinder,  by  opening 
another-— upon  which  the  loaded  pump  rod  again  preponderated — the 
valve  to  admit  the  column  on  the  piston  of  the  pressure  engine  was  again 
opened,  and  the  operation  repeated  as  before. 

In  another  form  these  machines  have  been  adopted,  in  favorable  loca- 
tions, as  first  movers  of  machinery,  and  when  thus  used,  they  exhibit  a 
very  striking  resemblance  to  high  pressure  steam-engines.  Indeed,  the 
elemental  features  of  steam  and  pressure  engines  are  the  same,  and  the 
modes  of  employing  the  motive  agents  in  both  are  identical— it  is  the  dif* 
ferent  properties  of  the  agents  that  induces  a  slight  variation  in  the  ma- 
vhines— one  being  an  elastic  fluid,  the  other  a  non-elastic  liquid.  In  steam> 


vnginea  &  riistnn  if  alternately  pushed  up  and  down  in  lU  cylindor  bv 
ttpam ;  and  by  means  of  the  rod  to  whicb  die  piston  is  aecured, ''motion  u 
eonimunicated  to  a  crank  and  fly-wheel,  uid  through  these  to  the  machi- 
nery to  be  propelled  ;  it  is  the  same  with  preuure  engines  when  used  to 
move  other  machines,  except  that  instead  of  the  elastic  vapor  of  water,  a 
eoluraa  of  that  Uquid  drives  the  pistons  to  and  fro,  as  will  be  perceived 
bv  an  examinadon  of  the  following  figure. 


th.im.    llMtn  PnHV*  EaflH. 

S  represents  the  lower  part  of  the  pipe  which  conveys  the  water  do\vn 
from  its  source  into  the  air  chamber  C,  from  the  lower  part  uf  which  it 
passes  through  a  short  tube  and  stop  cock  into  the  valve  -^nae,  or  "sidn 
pipe"  D.     This  pipe  is  parallel  with  the  working  cylinder  of  the  engine 

A,  and  rather  longer:  it  communicates  with  A  through  two  passages  for 
the  admission  of  the  water  to  act  upon  both  sides  of  the  piston.  The  eiids 
of  D  are  closed  by  stuffing  boxes,  tlirough  which  a  rod  in  the  direction  of 
its  axis  is  made  to  slide,  and  upon  this  rod  are  secured  ;wo  plugs,  shown 
in  the  cut,  that  fill  the  interior  of  the  pipe  like  pistons  and  as  the  rod  is 
raised  or  lowered,  alternately  open  and  close  the  passages  into  the  cylin- 
der. Suppose  the  positiim  of  the  various  parts  of  the  engine  as  indicated 
in  the  Rgure,  and  the  stop-cock  in  the  short  tuhe  timr  connects  the  "  side 
pipe"  to  the  air  vessel  be  opened,  the  water  would  tlien  rush  into  the 
vpper  pan  of  the  cylinder  A,  as  shown  by  the  ari'ows,  and  liy  its  statical 
pressure  force  down  the  piston;  while  any  water  previousjv  below  the 
piston  would  escape  tlii'ough  the  lower  passage  into  the  siJe  pipe  (be- 
neath the  plug)  and  run  off  to  waste  through  the  tube  B,  marked  by  dot- 
ted lines,  and  the  circular  oHRces  of  which  are  also  iigured.  When  the 
piston  has  reached  the  bottom  of  the  cylinder,  the  rod  to  which  the  plugs 
are  attached  is  drawn  down,  so  as  to  close  the  upper  pa>,<>Bge  and  open 
the  lower  one,  upon  which  the  water  enters  through  tOt.  latter  and 
dnves  up  the  piston  as  before,  the  previous  contents  of  the  cylii.der  being 
forced  through  the  circular  orilice  in  the  upper  part  of  the  side  pipe  into 

B.  In  this  manner  the  operation  is  condnued  and  motion  imparted  to  the 
beam,  crank  and  fly-wheel.    The  apparatus  for  moving  the  rod  that  opcnfi 
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Bijd  closes  the  passages  into  the  cylinder  is  analogoms  to  that  of  steam  en- 
gines, being  enected  by  an  eccentric  on  the  crank  shaft.  It  is  omitted 
m  the  cut,  that  the  essential  features  of  the  machine  might  appear  more 
0(»nspicuous. 

It  is  obvious  that  engines  of  this  kind  may  be  employed  to  impart  mo- 
tion to  pumps  or  any  other  machinery.  The  intensity  of  the  force  trans- 
mitted by  them  depends  upon  the  perpendicular  height  of  the  motive 
column  and  the  area  of  the  piston.  The  use  of  the  air  vessel  is,  as  in  the 
hydraulic  ram  and  other  machines,  to  break  the  force  of  the  blow  or  con* 
cussion  consequent  on  the  sudden  stoppage  of  the  descending  column  by 
closing  the  passages.  Wherever  the  waste  pipe  B  can  descend  thirty- 
five  or  thirty-six  feet,  the  engine  may  denve  an  additional  power  from  the 
vacuum  thus  kept  up  behind  the  piston,  as  in  low-pressure  8team-ens;ine8. 
The  application  of  this  feature  to  pressure  engines  was  included  in  an 
English  patent  granted  to  John  Luddock  in  February  1799.  (Repertory, 
of  ^ts,  vol.  xi,  page  73.) 

The  invention  of  pressure  engines  brought  to  light  a  new  mode  of  em- 
ploying water  as  a  motive  agent ;  and  also  the  means  of  applying  it  in 
locations  where  it  could  not  otherwise  be  used.  When  water  moves  an 
under  or  overshot  wheel,  the  machinery  to  be  propelled  must  be  pkced 
in  th«3  immediate  vicinity — ^hence  saw,  grist,  and  fulling  mills,  &c.  are 
erected  where  the  falling  liquid  flows ;  and  when  steam  is  the  moving 
force,  the  engines  are  located  where  the  fluid  is  generated ;  but  with  pres- 
sure engines  it  is  different,  for  the  motive  agent  may  be  taken  to  the  ma- 
chine itself.  In  valleys  or  low  lands,  having  no  natural  fall  of  water,  but 
where  that  liquid  can  oe  conveyed  in  tubes  from  a  sufficient  elevation,  (no 
matter  how  distant  the  source  may  be,)  such  water,  by  these  machines,, 
may  be  made  to  propel  others.  And  by  means  of  them  the  small  lakes 
often  found  on  mountains,  and  water  drawn  from  the  heads  of  falls  and 
rapids,  may  furnish  power  for  numerous  operations  in  neighboring  plains. 
When  cities  are  supplied  from  elevated  sources,  an  additional  revenue 
might  be  derived  from  the  force  with  which  the  liquid  issues  from  the 
tubes  :  the  occupant  of  a  house  into  which  a  lateral  pipe  from  the  mains 
is  conveyed,  might  connect  the  pipe  to  a  pressure  engine,  and  thereby 
impart  motion  to  lathes,  or  printing  presses ;  raise  and  lower  goods  on  dif- 
ferent stories  ;  press  cotton,  paper,  books,  &c.  as  by  a  steam-engine.  But 
unlike  the  machine  just  named,  a  pressure  engine  is  inexpensive,  and  sim- 
ple in  its  construction — ^it  requires  neither  chimneys,  furnaces,  nor  loads 
of  fuel ;  neither  firemen  nor  engineers,  nor  is  t}iere  any  danger  of  explo- 
sions. It  may  be  placed  in  the  comer  of  a  room,  or  be  concealed  under 
a  cr)unter  or  a  table.  It  may  be  set  in  operation  in  a  moment,  by  opening 
a  cock,  and  the  instant  the  work  is  done,  it  may  be  stopped  by  shutting 
the  saniio,  and  thus  prevent  the  least  waste  of  power— and  when  the  work 
is  accomplished,  the  water  can  oe  used  for  all  (ordinary  purposes  as  if  Jusr 
drawn  from  the  mains,  for  the  engine  might  be  considered  as  merely  a 
continuation  of  the  lateral  tube. 

Pressure  engines  afford  another  illustration  of  the  variety  of  purposes 
to  which  a  ^piston  and  cylinder  may  be  applied.  These  wer^  probably  first 
nsed  in  piston  bellows ;  next  in  the  syringe  ;  subsequently  in  pumps  of  - 
every  variety ;  and  then  in  pressure  and  steam-engines.  The  moving 
piston  is  the  nucleus  or  elemental,  part  that  gives  efliciency  to  them  all;  and 
tlic  apparatus  that  surround  it  in  some  of  them,  are  but  its  appendages. 
To  what  extent  it  is  destined  to  be  employed  when  steam  becomes  super- 
seded by  other  fluids,  time  only  can  reveal ;  but  if  we  may  judge  of  the 
(uture  by  the  past,  this  simple  device  will  perform  greater  wonden  in  the 
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world  than  it  has  yet  accompliahed.     It  ia  by  it  only  that  &e  energy  of 
elastic  fluids  can  be  economically  employed. 

Those  ingenious  men  who  first  constructed  a  bellows,  a  syringe,  or  a 
pump,  little  thought  that  similar  implements  should  become  self-acting,  and 
even  be  modve  engines  to  drive  others.  What  weary  laborer  at  the 
pump  in  ancient  Greece  or  Rome,  ever  dreamt,  while  indulging  in  those 
reveries  that  the  mind  conjures  up  to  divert  attention  from  toil  or  pain, 
that  a  machine  similar  to  the  one  upon  which  his  strength  was  expended, 
should  be  devised  to  work  without  human  aid  :^and  that  a  modification 
of  it,  excited  by  the  vapor  of  a  boiling  cauldron,  should  exert,  a  force 
compared  with  which  the  power  of  the  Titans  was  impotence^:— a  force 
that  should  drive  fleets  of  gallies  through  a  storm — ^hurl  missiles  like  the 
balistsd — propel  chariots  •**  without  horses" — polish  a  mirror— forge  a 
hatchet,  a  tripod  or  a  vase — ^and  spin  thread  and  weave  it  into  veils,  fine 
as  those  worn  by  the  vestal  virgins — and  yet  should  never  tire  /  Could 
the  imaginations  of  the  depressed  plebeians  and  'slaves  of  antiquity  hflLve 
had  a  glimpse  of  such  a  machine,  and  had  they  been  informed  that  it 
would  in  some  future  time,  which  the  oracles  had  not  revealed,  be  gene- 
rally employed — ^how  vehemently  would  they  have  importuned  the  goda 
to  send  it  in  their  days  !  And  why  did  they  not  have  it  1  Because  the 
useful  arts  were  neglected  and  their  professors  despised — while  those 
professions  the  most  destructive  of  human  felicity  were  cultivated.  War 
was  accounted  honorable,  and  hence  nations  were  incessantly  engaged  in 
conflicts  witli  each  other — a  military  spirit  pervaded  the  minus  of  the 
people,  and  it  rewarded  them  by  soaicing  every  land  with  their  blood. 

Ihe  history  of  machines  composed  of  pistons  and  cylinders  also  illus- 
trates the  process  by  which  some  simple  inventions  have  become  applied 
to  purposes,  foreign  to  those  for  which  they  were  originally  designed^ 
each  application  opening  the  way  for  a  different  one.  In  this  manner  de- 
vices apparently  insignificant  have  eventually  become  of  the  utmost  value 
and  it  is  probable  that  there  is  no  mechanical  combination  or  device,  how- 
ever useless  it  may  now  appear,  but  which  will  be  thus  brought  into  play 
These  machines  aiso  teach  us  how  new  discoveries  are  made  in  the  arts, 
viz  :  by  observing  common  results,  and  applying  the  principles  or  processes 
by  which  they  are  induced,  to  other  objects  or  designs.  Every  mechani- 
cal movement  and  manufacture — an  unsuccessful  experiment---defects  or 
derangements  of  ordinary  machines,  &c.  are  all  practical  demonstrations 
that  indicate  the  means  to  produce  analogous  eflects,  or  to  avoid  them* 
Fulton,  employed  steam-engines  to  turn  paddle  wheels — Eli  Whitney 
adopted  circular  saws  as  cotton  giCis;  and  both  became  benefactors  of 
tlieir  country — a  poor  barber  in  England,  after  exercising  his  ingenuity 
on  the  perpetual  motion,  applied  some  of  his  devices  to  cotton  spinning, 
and  not  only  became  one  of  the  most  opulent  of  manufacturers,  but  secured 
a  place  in  the  biography  of  eminently  useful  men. 

Nearly  all  modern  improvements  and  inventions  have  been  brought 
about  in  a  somewhat  similar  manner,  and  there  are  few  but  what  might 
have  been  anticipated  by  attention  to  every-day  facts.  Suppose  pressure 
engines  had  not  yet  been  known  :  they  might  be  developed  by  reflecting 
on  a  very  common  circumstance  connected  with  ordinary  pumps.  Wbea 
one  of  these  no  longer  retains  water  in  the  cylinder  and  trunk,  it  is  neces* 
sarv  to  prime  it,  by  pouring  in  a  quantity  suflicient  to  fill  the  space  ia 
which  the  sucker  moves:  this  water  resting  upon  the  latter  presses  it  down^ 
and  consequently  raises  the  lever  or  pump  handle,  which  again  descends  aa 
soon  as  the  water  escapes  below  ;  thus  illustrating  the  principle  by  which 
pi^ssare  engines  act — the  lever  being  moved  by  the  water  instead  .of  the 
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water  by  it.  How  many  ages  have  elapsed,  and  how  many  milUons  of 
people  have  witnessed  this  operation,  without  a  useful  idea  having  been 
aenved  from  it  1  And  without  any  one  thinking  that  valuable  lessons  in 
science  might  be  learnt  from  a  disordered  pump,  or  from  the  irregular 
movements  of  a  pump  handle  1  Those  observing  minds,  however,  that 
are  constantly  on  the  alert  for  facts — like  bees  incessantly  on  the  wing  for 
honey— -would  not  now  suffer  even  such  an  occurrence  to  pass  unnoticed; 
nor  would  they  hesitate  to  consider  those  unpleasant  knocks  which 
hundreds  of  people  (and  the  writer  among  them)  have  occasionally  expe- 
rienced from  the  unexpected  descent  of  a  heavy  pump  handle  on  their 
persons,  and  in  some  instances  more  unpleasant  ones  from  its  sudden  aa- 
cent— as  admonitions  to  turn  the  experiment  to  advantage.  The  simple 
rise  of  water  which  his  body  displaced  in  a  bathing  tub,  was  seized  in  a 
twinkling  by  the  mathematician  of  Syracuse  to  solve  a  new  and  difficult 
problem  ;  yet  the  same  thing  had  been  previously  witnessed  for  thousands 
of  years,  but  no  one  ever  thought  ot  applying  the  result  to  any  such 
purpose. 

It  perhaps  may  be  a  question  whether  the  iiia  hines  already  described 
in  this  chapter  were  known  to  the  engineers  of  antiquity,  but  there  is  no 
room  to  doubt  their  acquaintance  with  another  variety  of  pressure  engines, 
aince  we  have  obtained  a  knowledge  of  them  from  the  Spiritalia  of  Heron, 
whose  name  they  still  bear.  It  is  obvious  that  a  liquid  may  be  forced  out 
of  a  vessel  by  pressing  into  the  latter  any  other  substance,  no  matter  what 
the  nature  of  it  may  be,  whether  solid  or  fluid,  liquid  or  aSnform :  thu^ 
the  solid  plunger  or  piston  of  a  pump  does  not  more  effectually  expel  the 
contents  of  the  cylinder  in  whicm  it  moves,  than  the  elastic  fluid  in  a  soda 
fountain  drives  out  the  aerated  water ;  hence,  if  air  be  urged  by  the  pres-* 
aure  of  a  liquid  column,  or  by  any  other  force,  to  occupy  the  interior  of  a 
▼essel  containing  water,  the  liquid  may  be  raised  through  a  tube  to  an 
elevation  equal  to  the  force  that  moves  it ;  the  air  in  this  case  performing 
the  part  of  pistons  in  the  pressure  engines  already  described  ;  and  its  ef- 
fects are  greater  than  can  be  produced  by  solid  pistons,  for  the  friction  of 
these  consumes  a  considerable  portion  of  the  motive  force,  so  that  a  co* 
lumn  of  water  raised  by  them  can  never  equal  the  one  that  raises  it ; 
vrhereas  air,  from  its  extreme  mobility,  receives  and  transmits  the  momen- 
tam  of  the  motive  column  undiminished  to  the  other. 

The  fountain  of  Heron  is  the  oldest  pressure  engine  known,  and  in  it  a 
volume  of  air  is  used  as  a  substitute  for  a  piston.  It  is  not  certain  tha:.  it 
was  invented  by  him,  for  it  may  have  been  bn  old  device  in  his  time, 
and  one  which  he  thought  worthy  of  preservation,  or  of  being  made  more 
extensively  known,  and  therefore  inserted  an  account  of  it  in  his  book. 
See  No.  163.  The  two  vessels  A  B,  of  any  shape,  are  made  air  tighL 
The  top  of  the  upper  one  is  formed  into  a  dish  or  basin ;  in  the  centre  of 
which  the  iet  pipe  is  inserted,  its  lower  end  extending  to  near  the  bottom 
of  A :  a  pipe  C,  whose  upper  orifice  is  soldered  to  the  basin  extends 
down  to  near  the  bottom  of  the  lower  vessel,  either  passing  through  the 
lop  of  B,  as  in  the  figuie,  or  inserted  at  the  side.  Another  pipe  D  is  con- 
nected tv  the  top  of  B,  and  continued  to  the  upper  part  of  A.  This  pipe 
conducts  the  air  from  B  to  A.  Now  suppose  the  vessel  A  llU^d  with 
water,  through  an  aperture  made  fur  the  purpose,  and  which  is  then 
elosed ;  the  object  is  to  make  this  water  ascend  through  the  jet,  and  it  is 
accomplished  thus :— water  is  poured  into  the  basin,  and  of  course  it  runs 
down  the  pipe  C  into  B ;  and  as  it  rises  in  the  latter,  the  air  within-  is  ne* 
oessarily  compressed,  and  having  no  way  to  escape  but  up  the  pipe  D,  it 
aacendp  into  the  upper  part  of  A,  where  being  pressed  on  the  surface  oi 
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the  water,  the  latter  is  compelled  to  ascend  through  the  jet  pipe,  as  8h>w]i 
in  the  cut.  The  water  thus  forced  out,  falls  back  into  the  basin,  and  run- 
ning down  C  into  B  continues  the  play  of  the  machine,  until  all  the  water 

in  A  is  expended.  The  elevation  to  which  water  in  A  can 
be  thus,  raised  through  a  tube,  will  be  equal  to  the  perpen- 
dicular distance  between  the  two  orifices  of  C.  Toper- 
sons  who  are  ignorant  of  the  construction  of  these  foun- 
tains, the  water  in  the  basin  appears  to  descend,  and  to 
rue  again  through  the  jet.  Such  is  not  the  fact;  were  it  so, 
this  machine  would  be  a  perpetual  motion,  or  something 
very  like  one.  Some  persons  beguiled  by  the  apparent 
possibility  of  inducing  it  to  ascend,  have  attempted  the  so 
lution  of  that  problem  by  a  similar  apparatus.  We  ma^ 
as  well  confess  that  in  our  youth  we  were  of  the  number. 
The  younger  Pliny  seems  to  have  fallen  into  the  same 
mistake  respecting  a  fountain  belonging  to  his  country  seat. 
Portable  fountains  of  this  kind  might  be  adopted  as  ap- 
propriate appendages  to  flower  gardens,  and  even  drawinif 
rooms.  The  pipes  might  be  concealed  within,  or  modelea 
into  a  handsome  column,  whose  pedestal  formed  the  lower 
vessel,  while  the  upper  end  assumed  the  figure  of  a  vase. 
Such  an  addition  to  the  furniture  of  an  apartment  would 
be  a  useful  acquisition  at  those  seasons  when  the  atmos- 
phere, glowing  like  the  air  of  an  oven,  scorches  our  bodies 
during  the  day,  and  in  the  evening  we  gasp  in  vain  for  the 
cooling  breeze  :  at  such  times  a  minute  stream  of  water 
spouting  and  sparkling  in  a  room  would  soon  allay  the 
heat  and  invigorate  our  drooping  spirits^imparting  the 
refreshing  coolness  of  autumn  amid  the  burning  heats  of 
summer;  and  if  the  liquid  were  perfumed  with  altar  of  roses, 
or  oil  of  lavender,  we  might  realize  the  most  innocent  and 
delicious  of  oriental  luxuries.  The  play  of  such  a  fountain 
might  be  continued  for  two  or  three  hours  at  a  time,  for  the  size  of  the 
stream  need  hardly  exceed  that  of  a  thread,  and  by  a  slight  modification, 
the  jet  could  be  renewed  as  ofien  as  the  upper  vessel  was  emptied,  by 
simply  inverting  the  machine :  or,  the  whole  might  be  an-anged  wiihout, 
except  the  ajutage  and  the  vase  in  which  the  jet  played.  (See  remarks 
on  fountains  in  die  fifth  book.) 

This  fountain  has  been  named  a  toy,  but  it  is  by  such  toys  that  impor- 
tant discoveries  have  been  made  in  every  age.  It  is  clearly  no  rude  or 
imperfect  device  :  not  a  first  thought ;  on  the  contrary,  it  bears  the  evi- 
dence of  a  matured  machine,  and  of  being  the  result  of  a  familiar  acquaint- 
ance with  the  principles  upon  which  its  action  depends.  Unlike  older 
hydraulic  machines,  it  requires  no  distinct  vessel  within  which  to  raise  a 
a  liquid ;  nor  does  it  resemble  pumps,  since  neither  cylinders,  suckers, 
valves  or  levers  are  required,  nor  any  external  force  to  keep  it  in  motion. 
Its  invention  may  be  considered  as  having  opened  a  new  era  in  the  his- 
tory of  machines  for  raising  water,  for  it  is  susceptible  of  an  almost  endless 
variety  of  modifications,  and  of  being  applied  to  a  great  numlier  of  pur- 
poses. To  understand  this  it  is  only  necessary  to  bear  in  mind  that  the 
relative  position  of  the  two  columns  is  immaterial  :  they  may  be  a  mile 
distant  from  each  oUier,  or  they  may  be  nearly  together.  The  one  that 
raises  the  other  may  be  above,  below,  or  on  a  level  with  the  latter ;  both 
may  be  conveyed  in  pipes  along  or  under  the  surface  of  the  ground,  and 
ni  any  direction :  the  only  condition  required  is,  that  the  perpendicular 
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diUAtica  between  the  upper  and  lower  orificea  of  the  pine  in  wliich  iIm 
moiive  cdlumn  flowa,  shiul  be  equal  to  the  force  required  to  raise  the  otlier 
to  the  proposed  elevation. 

A  preisure  engine  on  the  principle  of  Heron's  fountain,  erected  by  M. 
fioell  in  1755,  to  raise  water  from  one  of  the  mines  in  Hungary,  has  long 
been  celebrated.  In  the  vicinity  of  one  of  the  shafts  at  Chttmnitx,  there  is 
»  hill  upon  which  is  a  spring  of  water,  one  hundred  and  forty  feet  abova 
the  mouth  of  the  shaft.  This  spring  furnishes  more  water  than  that  which 
riaes  at  the  bottom  of  the  mine,  which  is  one  hundred  and  four  feet  bclaw 
the  mouth  of  the  shall.  The  water  in  the  mine  is  raised  by  means  of  that 
on  the  hill  by  an  apparatus  similar  to  the  one  figured  in  the  annexed  cut. 

A  represents  a  strong  copper  vessel  eight  feet  and  a  half  high,  five  fe«t 
diameter,  and  two  inches  thick.  A  large  cuck  marked  3  is  inserted  near 
the  bottom,  and  a  smaller  one  2  nesr  the  top. 
From  this  vessel  a  pijie  D,  two  inches  in  dia- 
meter, reaches  down  and  is  connected  to 
the  top  of  the  vessel  B  at  the  bottom  of  the 
shafL  This  vessel  is  smaller  than  the  upper 
one,  being  six  feet  and  a  half  high,  four  feet 
dianieter,  and  two  inches  thick,  and  of  the 
same  material  as  the  other.  A  pipe  B,  four 
inches  diameter,  rises  from  near  uie  bottum 
of  B  to  the  surface  of  the  ground,  where  it 
discharges  the  water.  The  pipe  C  conveys 
the  wuter  from  the  spring  on  the  hill ;  it  is 
also  four  inches  diameter,  and  descends  to 
near  the  bortom  of  A.  It  is  furnished  with  a 
cock  1.  Water  is  admitted  into  B  through  a 
cock  4,  or  a  valve  oi>ening  inwanls,  which 
closes  when  B  is  tilled.  The  vessel  A  is  sup- 
posed to  be  empty,  or  rather  filled  with  air, 
and  its  two  cocks  shut.  The  cock  t  is  then 
opened,  when  the  water  rushing  into  A  con- 
denses the  air  within  it  and  the  pipe  1), 
and  this  air  pressing  on  the  water  in  B,, 
forces  it  up  the  pipe  E.  As  soon  as  it  ceases 
to  flow  through  B,  the  cock  1  is  shut  and  2 
and  3  are  opened,  when  the  water  in  A  it 
discharge<l  at  3.  The  cock  or  valve  at  the 
Mo.  IH.   Prwun EiflH  M  bottom  of  B  is  opened,  and  the  water  entering 

"'"'*■  drives  the  air  up  D  into  A  where  it  esca|>o« 

at  S.  .  The  operation  is  then  repeated  as  before. 

If,  when  water  ceases  to  run  at  E,  the  cock  2  be  opened,  both  water 
and  air  rush  out  of  it  together,  and  with  such  violence  that  the  liijuid  is, 
by  the  generation  of  cold  consequent  on  the  sudden  expansion  ofliie  con- 
densed air,  converted  into  hail  or  pi-'llets  of  ice.  This  fuct  is  generally 
shown  to  strangers,  who  are  usually  mvited  to  hold  their  AaU  in  from  of  the 
cock  so  as  to  receive  the  blast ;  when  the  hail  issues  with  such  violence, 
as  frequently  to  pierce  the  hats,  like  pistol  bullets.  This  mode  of  pro- 
ducing ice  was  known  to  the  marquis  of  Worcester,  who  refers  In  it  in  the 
eighl«elith  proposition  of  hiaCentury  of  Inventions,  relating  to  an  "  artlE- 
cicd  fountain,  holding  great  quantity  of  water,  and  of  firrct  aiffidrai  to 
make  snow,  ice.  and  thunder."  Some  additions  to  the  machine  at  Ohuro- 
nita,  by  which  it  might  lie  rendered  self-acting,  were  proposed  in  1796. 
They  coiuiated  of  small  ves^ls  suspendt-'d  from  levers  that  were  scciir«d 
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to  the  shanks  of  the  eochi,  which  they  opened  snd  shut  in  die  sune  man- 
Dor  as  shown  in  No.  160,  A  Bimilar  contrivance  may  be  seen  in  several 
old  authors — it  \a  in  the  Spiritalia:  DecBUS,  Fludd,  Moxon  and  Switzer 
have  all  g'ivcn  flgurea  of  it.  The  quantity  of  water  raised  from  the  shaft 
Gomparea  with  that  expended  from  the  spring  was  aa  42  to  100. 

By  arranging  a  series  of  vessels  above  each  other  and  connecting  them 
by  pi|>es  as  in  No.  163,  water  may  be  raised  to  almost  any  height,  in  lo- 
cations that  have  the  advantage  of  a  small  fall.  The  diatonce  between 
the  veasfld  not  exceeding  the  perpendicular  descent  of  the  motive  column, 
^hich  last  is  made  to  transmit  its  force  to  each  vessel  in  saccesajon — forc> 
ing  the  contents  of  one  into  the  next  abcfre,  and  so  on.  Such  a  machine 
is  interesting  as  showing  the  extent  to  which  the  principle  of  Heron's 
fountain  may  be  applied,  but  fut  practical  purposes  it  is  of  little  value.  It 
is  too  complex  (if  made  self-acting)  and  too  expensive  for  common  use; 
and  it  is  far  inforior  to  the  water  ram.  It  was  described  by  Dr.  Darwin, 
ID  his  Phiftoi/igia,  to  which  modem  writers  generally  refer,  but  it  is  an 
old  afiair.  It  is  figured  by  Bloxon  in  his  "  Mechanick  Powers,"  Lon.  1696, 
■nd  is  mentioned  by  older  authors.  It  is  substantially  the  same  as  th«  . 
double  fountain  of  Heron,  as  found  in  the  Spirltalia  and  the  works  of  most 
irriters  on  hydraulics. 

By  far  the  mosl  novel  and  interesting  modification  of  Heron's  fouutain 
Wiw  devised  in  the  year  1746  by  H.  A.  IITjYr,  a  Swiss  pawterer  or  tin- 
plate  worker  of  Zurich.  It  is  sometimes  named  a  spiral  pump,  and  waa 
made  to  raise  water  for  a  dve  house  in  the  vicinity  ot  that  dty.  What  the 
circumstances  were  that  ted  Wirtx  to  its  invention  we  are  not  informed^ 
whether  it  was  suggested  by  some  incident,  or  was  the  result  of  reasoning 
alone.  It  is  represented  in  the  illustrations  Nob.  165  and  166,  the  first 
■>«ng  4  lecuon  «»!  the  latter  an  external  view. 
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Wirtz'i  machine  consiiU  either  of  a  helical  or  a  spiral  pipe.  As  the 
fcrmer  it  is  coiled  round  in  one  plane  as  A  B  C  D  E  F  in  No.  165.  A» 
■  Boiral  it  is  arranged  round  the  circumference  of  a  cone  or  cylinder,  and 
then  resembles  the  worm  of  a  soil.  The  interior  end  at  G  is  united  by  a 
wMer.tight  joint  to  the  ascending  pipe  H.     See  No.  166.     The  ot>en  end 
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of  the  coil  is  enlarged  so  as  to  form  a  acoop.  When  tlie  machine,  imr 
mersed  in  water  as  represented,  is  turned  in  the  direction  of  the  arrow, 
the  water  in  the  scoop,  as  the  latter  emerges,  passes  along  the  pipe  driy- 
ing  the  air  before  it  into  G  H,  where  it  escapes.  At  the  next  revolutioc 
both  air  and  water  enter  the  scoop  ;  the  water  is  driven  along  the  tube  as 
before,  but  is  separated  from  the  first  portion  by  a  column  of  air  of  nearly 
eoual  length.  By  continuing  the  motion  of  the  machine  another  portion 
or  water  and  another  of  air  will  be  introduced.  The  body  of  water  m  each 
coil  will  have  both  its  ends  horizontal,  and  the  included  air  will  be  of 
about  its  natural  density  ;  but  as  the  diameters  of  the  coils  diminish  to- 
wards the  centre,  the  column  of  water  which  occupied  a  semicircle  in  the 
oiter  coil,  will  occupy  more  and  more  of  the  inner  ones  as  they  approach 
the  centre  G,  till  there  will  be  a  certain  coil,  of  which  it  wdll  occupy  a 
co?:iolete  turn.  Hence  it  will  occupy  more  than  the  entire  space  within 
this  coil,  and  consequently  the  water  will  run  back  over  the  top  of  the 
succeeding  coil,  into  the  right  hand  side  of  the  next  one  and  push  the 
water  within  it  backwards  and  raise  the  other  end.  As  soon  as  the  water 
rises  in  the  pipe  G  H,  the  escape  of  air  is  preventeci  when  the  scoop 
takes  in  ita  next  quantity  of  water.  Here,  then,  are  two  columns  of  water 
acting  against  each  other  by  hydrostatic  pressure,  and  tlie  intervening  co- 
jumn  of  air.  They  must  compress  the  air  between  them,  and  the  water 
and  air  columns  will  now  be  unequal.  This  will  have  a  general  tendency 
10  keep  the  whole  water  back  and  cause  it  to  be  higher  on  the  left  or  ris- 
Jig  side  of  each  coil,  than  on  the  other.  The  excess  of  height  will  be  just 
Bach  as  produces  the  c-ompression  of  the  air  between  that  and  the  preced- 
ng  column  of  water.  This  will  go  on  increasing  as  the  water  mounts  in 
H.  Now  at  whatever  height  the  water  in  H  may  be,  it  is  evident  that 
the  air  in  the  small  column  next  to  it  will  always  be  compressed  with  the 
weight  of  the  water  in  H— an  equal  force  must  therefore  be  exerted  by 
the  water  in  the  coils  to  support  the  column  in  H.  This  force  is  the  sum 
of  all  the  differences  between  the  elevation  of  the  inner  ends  of  the  water 
in  each  coil  above  the  outer  ends ;  and  the  height  to  which  the  water  wiO 
rise  in  H  will  be  just  eqi;al  to  this  sum.  Dr.  Gregory  observes  that  the 
principles  on  which  the  theory  of  this  machine  depends  are  confessedly 
intricate  ;  but  when  judiciously  constructed,  it  is  very  powerful  and  efiec- 
tive  in  its  operation.  It  has  not  been  ascertained  whether  the  helical  or 
spiral  form  is  best.  Some  of  these  machines  were  erected  in  Florence  in 
1773.  In  1784,  ono  was  made  at  Archangelsky,  that  raised  a  hogshead  of 
water  in  a  minute  to  an  elevation  of  seventy-four  feet,  and  through  a  pipe 
seven  hundred  and  sixty  feet  long.     See  Gregory's  Mechanics,  vol.  u. 

It  perhaps  may  facilitate  an  understanding  of  this  curious  machine,  by 
remarking  that  the  pressure  exerted  by  the  column  of  water  in  one  side  of 
each  coil  is  proportioned  to  its  length,  and  that  this  pressure  is  transmit- 
ted,  through  the  column  of  air  between  them,  to  that  of  the  next :  the  com- 
bined force  of  botli  is  then  made  to  act,  by  the  revolution  of  tlie  tubes 
upon  the  third  column,  and  so  on,  till  the  accumulated  force  of  tliem  al. 
16  comraunicaled  to  the  water  in  H ;  and  hence  the  elevation  to  whid 
water  can  be  tnus  raised,  can  never  exceed  the  sum  of  the  altitudes  of  the 
liquia  columns  in  the  coils. 

BND  or  THE  THIRD  BOOK. 


BOOK    IV, 


MACHINES  FOR  RAISING  WATER.  (CmEFLY  OF  MODERN  ORIGIN) 
INCLUDING   EARLY  APPLICATIONS  OF  STEAM  FOR 

THAT  PURPOSE. 


CHAPTER    I. 

Dbticu  of  the  lower  animals— Sone  animala  aware  that  foree  ia  Isoreaaed  bj  the  apace  throifk 
which  a  body  mo?a»->Birda  drop  ahell  fi«h  Trom  freei  elevationi  to  breah  the  abell*^— Death  of  Atehytw 
— Combato  between  the  male*  of  cheep  and  foats— Military  ran  of  the  aaeienta^Water  rama— Wsrea 
^MomeDUvB  acquired  by  ninninf  water— Bxainplea—Whitehiurit'a  machine  Hydraiiiic  ram  of  MmU- 
fclfier—^  Canoe  hydrauUque"  and  ila  modiflcatioaBi 

Op  the  machines  appropriated  to  the  fourth  division  of  this  work,  (see 
page  8,)  centrifugal  pumps  and  a  few  others  have  already  been  descrfbea. 
There  remain  to  be  noticed,  the  water  ram,  canne  hvdraulique,  and  ae- 
vices  for  raising  water  by  means  of  steam  and  other  elastic  fluids. 

If  the  various  operations  of  the  lower  animals  were  investigated,  a  thou- 
sand devices  that  are  practised  by  man  would  be  met  with,  and  probably 
a  thousand  more  of  which  we  yet  know  nothing.  Even  the  means  by  which 
they  defend  themselves  and  secure  their  food  or  their  prey,  are  calculated 
to  impart  useful  information.  Some  live  by  stratagem,  laying  concealed 
till  their  unsuspecting  victims  approach  within  reach— others  dig  pitfalls 
to  entrap  them ;  and  others  again  fabricate  nets  to  entangle  them,  and 
coat  the  ti treads  with  a  glutinous  substance  resembling  the  birdlime  of  the 
friwltir.  Some  species  distill  poison  and  slay  their  victims  by  infusing  it 
into  their  blood ;  while  others,  relying  on  their  muscular  energy,  suffocate 
their  prey  in  their  embraces  and  crush  both  body  and  bones  into  a  pulpy 
mass.  The  tortoise  draws  himself  into  his  shell  as  into  a  fortress  ana  bids 
defiance  t  >  his  foes;  and  the  porcupine  erects  around  his  body  an  array  of 
bayonet^  f»om  which  his  enemies  retire  with  dread.  The  strength  of  the 
ox,  tho  buffalo  and  rhinoceros  is  in  their  necks,  and  which  they  apply 
^nth  resistless  force  to  gore  and  toss  their  enemies.  The  elephant  by  his 
weight  treads  his  foes  to  death ;  and  the  horse  by  a  kick  inflicts  a  wound 
tliat  is  often  as  fatal  as  the  bullet  of  a  rifle  ;  the  space  through  which  his 
foot  passes,  adding  force  to  the  blow. 

There  are  numerous  proofs  of  some  of  the  lower  animals  being  aware 
"hnt  the  momentum  of  a  moving  body  is  increased  by  the  space  through 
which  it  falls.  Of  several  species  of  birds  which  feed  on  shell  fish,  some, 
when  unable  to  crush  the  shells  with  their  bills,  carry  them  up  in  the 
air,  and  let  them  drop  that  they  may  be  broken  by  the  fall.  (The  Athe- 
nian poet  JSschylus,  it  is  said,  was  killed  by  a  tortoise  that  an  eagle  drop- 
ped upon  his  bald  bead|  which  the  bird,  it  is  supposed,  mistook  for  a  stona.) 
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When  the  males  of  sheep  or  goats  prepare  to  huUf  they  always  recede 
backwards  to  some  distance  ;  and  then  rushing  impetuously  forward,  (ac- 
cumulating force  as  they  go,)  bring  their  foreheads  in  contact  with  a  shock 
that  sometimes  proves  fatal  to  both.  The  ancients,  perhaps,  from  witness 
ing  the  battles  of  these  animals,  constructed  military  engines  to  act  on  the 
same  principle.  A  ponderous  beam  was  suspended  at  the  middle  by  chains, 
f  nd  one  end  impelled,  by  the  united  efforts  of  a  number  of  men  at  the  op- 
posite end,  against  walls  which  it  demolished  with  slow  but  sure  efiecL 
The  battering  end  was  s;enerally,  and  with  the 'Greeks  and  Romans  uni- 
formly, protected  by  an  iron  or  bronze  cap  in  the  form  of  a  ram*s  head ; 
and  the  entire  instrument  was  named  after  that  animal.  It  was  the  most 
Hestructive  of  all  their  war  machinery — no  building,  however  solid,  could 
long  withstand  its  attacks.  Plutarch,  in  his  life  of  Anthony,  mentions  one 
eighty  Jeet  in  length. 

The  acdon  of  the  ram  is  familiar  to  most  people,  but  it  may  not  be 
icnown  to  all  that  similar  results  might  be  produced  by  a  liquid  as  by  a  solid 
— that  a  long  column  of  water  movins^  with  great  velocity  might  be  made 
equally  destructive  as  a  beam  of  wood  or  iron — ^yet  so  it  is.  Waves  of  the 
lea  act  as  water-rams  against  rocks  or  other  barriers  that  impede  their 
progress,  and  when  their  force  is  increased  by  storms  of  wind,  the  most 
solid  structures  give  way  before  them.  The  old  lighthouse  on  the  Eddy- 
stone  rocks  was  thus  battered  down  during  a  storm  in  1703,  when  the 
engineer,  Mr.  Winstanley,  and  all  his  people,  perished. 

riie  increased  force  that  water  acquires  when  its  motion  is  accelerated, 
might  be  shown  by  a  thousand. examples:  a  bank  or  trough  that  easily 
retains  ii  when  at  rest,  or  when  slightly  moved,  is  often  insufficient  when 
its  velocity  is  greatly  increased.  When  the  deep  lock  of  a  canal  is  opened 
to  transfer  a  boat  or  a  ship  to  a  lower  level,  the  water  is  permitted  to  de- 
scend by  slow  degrees  :  were  the  gates  opened  at  once,  die  rushing  mass 
would  sweep  the  gates  below  before  it,  or  the  greater  portion  w^ould  be 
carried  in  the  surge  .quite  over  them— and  perhaps  the  vessel  also.     A 
sluggish  stream  drops  almost  perpendicularly  over  a  precipice,  but  the  mo- 
mentum of  a  rapid  one  shoots  it  over,  and  leaves,  as  at  Niegara,  ii  wide 
space  between.     It  is  the  same  with  a  stream  issuing  from  a  horixontal 
tube — if  the  liquid  pass  slowly  through,  it  falls  inertly  at  the  oriHce,  but 
if  its  velocity  be  considerable,  the  jet  is  carried  to  a  distance  ere  it  touches 
the  ground.     The  level  of  a  great  part  of  Holland  is  below  the  surface  of 
the  sea,  and  the  dykes  are  in  some  parts  thirty  feet  high :  whenever  t 
leak  occurs,  the  greatest  efforts  are  made  to  repair  it  immediately,  and  for 
the  obvious  reason  that  the  aperture  keeps  enlarging  and  the  liquid  mass 
behind  is  put  in  motion  towards  it;  thus  the  pressure  is  increased  and, 
if  the  leak  be  not  stopped,  keeps  increasing  till  it  bears  with  irresistable 
force  all  obstrucUons  away.     A  fatal  example  is  recorded  in  the  ancient 
history  of  Holland : — an  ignorant  burgher,  near  Dort,  to  be  revenged  on 
a  neighbour,  dug  a  hole  through  the  dyke  opposite  the  house  of  the  latter, 
intending  to  close  it  after  his  neighbor's  property  had  been  destroyed ; 
but  the  water  rushed  through  with  an  accelerating  force,  till  all  resistance 
was  vain,  and  the  whole  country  became  deluged.     The  ancients  were 
well  aware  of  this  accumulation  of  force  in  ruhning  waters.     Allusions 
to  it  are  very  common  among  the  oldest  writers,  and  various  maxims  of 
life  were  drawn  from  it     The  beginning  of  strife,  says  Solomon,  "  is  as 
when  one  letteth  out  water" — ^the  "  breach  of  waters** — *'  breaking  forth 
of  waters" — "  rushing  of  mighty  waters,"  &c.  are  frequently  mentioned,  to 
indicate  the  irresistable  influence  of  desolat'ng  evils  when  once  admitted. 
That  the  force  which  a  running  stream  thus  aoquires  may  be  made  lo 
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drive  a  pt)rtion  of  the  liquid  far  above  the  source  whence  it  flow?,  is  obvi- 
ous from  several  operations  in  nature.  Daring  a  stoinn  of  wind,  long 
swelling  waves  in  the  open  sea  alternately  rise  and  fall,  without  the  crests 
or  tops  of  any  being  elevated  much  above  those  of  the  rest;  but  when 
they  meet  from  opposite  directions,  or  when  their  progress  is  suddenly 
arrested  by  the  bow  of  a  ship,  by  rocks,  or  other  obstacles,  part  of  the 
water  is  driven  to  great  elevations^  There  is  a  fine  example  of  this  at  the 
Eddystone  rocks— 'the  heavy  swells  from  the  Bay  of  Biscay  and  from  the 
Atlantic,  roll  in  and  break  with  inconceivable  fury  upon  them,  so  that  vo- 
lumes of  water  are  thrown  up  with  terrific  violence,  and  the  celebrated 
light-house  sometimes  appears  from  this  cause  like  the  pipe  of  a  fountain 
enclosed  in  a  stupendous  ^7^^  d^eau.  The  light  room  in  the  old  light-house 
was  sixty  feet  above  the  sea,  and  it  was  often  buried  in* the  waves,  so  im- 
merse were  the  volumes  of  water  thrown  over  it. 

The  hydmulic  ram  raises  water  o';  precisely  the  same  principle:  a 
quantiiy  of  the  liquid  is  set  in  Aiotion  through  an  inclined  tube,  and  its  es- 
cape from  ths  lower  orifice  is  made  suddenly  to  ceaie,  when  the  momen- 
tum of  the  moving  mass  drives  up,  like  the  waves,  a  portion  of  its  own 
volume  to  an  elevation  much  higher  than  that  from  which  it  descended. 
This  may  be  illustrated  by  an  experiment  familiar  to  most  people.  Sup- 
pose the  lower  orifice  of  a  tube  (whose  upper  one  is  connected  to  a  reser- 
voir of  wafer)  ur  closed  with  the  finger,  and  a  very  minute  streani  be  al- 
lowed to  escap3  from  it  in  an  upward  direction-^the  tinv  jei  wouL]  n&e 
nearly  to  the  surface  of. the  reservoir;  it  could  not,  ol  com  se,. ascend 
higher— but  if  the  finger  were  then  moved  to  one  side  so  as  vO  arow  a 
free  escape  til!  fhe  whole  contents  of  the  tube  were  rapidly  moving  tj  the 
exit,  and  the  orifice  then  at  once  contracted  or  closea  as  before,  the  jet 
would  dart  far  a6i>»"*the  reservoir;  for  in  addition  to  the  hydrostatic  pres- 
sure which  drove  it  up  in  the  first  instance,  there  would  be  a  new  force 
actmg  upon  it,  derived  from  the  motion  of  the  water.  As  in  the  case  of 
a  hammer  of  a  few  pounds  weight,  when  it  rests  on  the  anvil  it  exerts  a 
pressure  on  the  latter  with  a  force  due  to  its  weight  only,  cit  ^hen  put 
in  motion  by  the  hand  of  the  smith,  it  descends  with  a  force  thpt  's  equiva- 
lent to  the  pressure  of  perhaps  a  ton. 

Every  person  accustomed  to  draw  water  from  pipes  that  are  supplied 
from  very  elevated  sources,  must  have  observed,  when  the  cocks  or  dis- 
charging orifices  are  suddenly  closed,  a  jar  or  tremor  communicated  to  the 
pipes,  and  a  snapping  sound  like  that  irom  smart  blows  of  a  hammer.  These 
effects  are  produced  by  blows  which  the  ends  of  the  pipes  receive  from 
the  water;  the  liquid  particles  in  contact  with  the  plug  ot  a  cock,  when  it 
is  turned  to  stop  the  discharge,  being  forcibly  driven  up  against  it  by  those 
constituting  the  moving  mass  behind.  The  philosophical  instrument  named 
a  water  hammer  illustrates  this  fact.  The  elFect  is  much  the  same  as  if  a 
solid  rod  moved  with  the  same  velocity  as  the  water  through  the  tube 
until  its  progress  was  stopped  in  the  same  manner,  except  that  its  mo- 
mentum would  be  concentrated  on  that  point  of  the  pipe  against  which  it 
struck,  whereas  with  the  liquid  rod  the  momentum  would  be  communi- 
cated equally  to,  and  might  be  transmitted  from  any  part  of,  the  lower  end 
of  the  tube;  hence  it  often  occurs  that  the  ends  of  such  pipes,  when  made 
of  lead,  ai^e  swelled  greatly  beyond  their  original  dimensions.  We  have 
0een  some  f  of  an  inch  bore,  become  enlarged  to  1^  inches  before  they  were 
rupmred.  At  a  hospital  in  Bristol,  England,  a  plumber  was  employed 
to  convey  water  through  a  leaden  pipe  from  a  cistern  in  one  of  the  upper 
stories  to  the  kitchen  below,  and  it  happened  that  the  lowei*  end  ol  the 
Cube  was  brirst  nearly  everv  time  the  cock  was  used.     After  several  at- 
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tempti  to  remedy  the  evil,  it  wu  detennined  to  colder  one  end  of  >  nDtllei 
pipe  immediately  behind  the  cock,  and  to  csrry  the  other  end  to  aa  hi^ 
A  level  M  the  water  in  the  cistern;  snd  now  it  wu  Found  that  on  shutting 
the  cock  the  pipe  did  not  burst  as  before,  but  ft  jet  of  considerable  heigu 
W8«  forced  from  the  upper  end  of  this  new  pipe  :  it  therefore  became  ne- 
cessary to  increase  its  neight  <o  prevent  water  escaping  from  it — upon 
which  it  was  continued  to  the  top  of  the  hospital,  being  twice  the  height 
of  the  supplying  cistern,  but  where  to  the  great  surprise  of  those  who 
constructea  the  work,  some  wator  still  issued :  a  cistern  was  therefore 
placed  to  receive  this  water,  which  was  found  very  convenient,  since  it 
was  thus  raised  to  the  highest  floors  of  the  building  without  any  extra 
labor.  Here  circumstances  led  the  workmen  to  the  constructioD  of  a  water- 
ram  without  knowing  that  such  a  machine  had  been  previously  devised. 

The  first  person  who  is  known  to  hare  raised  water  by  a  ram,  designed 
for  the  purpose  was,  Mr.  Whitehurst,  a.  watchmaker  of  Derby,  in  England. 


in  1772.     A  description  of  it  was  forwarded 
and  published  in  voL  Iv,  of  their  Transactions. 


limilar  to  the  one  represented  by  the  next  hgute^ 
ed  by  him  to  the  Royal  Socie^, 


A,  represents  the  spring  or  reservoir,  the  surface  of  the  water  in  which 
was  of  about  the  same  level  as  the  bottom  of  the  cistern  6.  The  ism 
pipe  from  A  to  the  cock  at  the  end  of  C,  wu  nearly  sis  hundred  f««  m 
length,  and  one  and  a  half  inches  bore.  The  cock  was  sixteen  feet  below 
A,  and  furnished  water  for  the  kitohen  offices,  &c.  When  it  was  opened 
the  liquid  column  in  A  C  was  put  in  motion,  and  acquired  a  velocl^  due 
toa  fall  of  sixteen  feet;  and  as  soon  as  the  cock  wu  shut,  the  momentum 
of  this  long  column  opened  die  valve,  upon  which  part  of  the  wator  rushed 
into  the  air-vessel  and  up  the  vertical  pipe  into  B.  This  effect  took  place 
every  time  the  cock  was  used,  and  u  water  was  drawn  from  it  at  short 
intorvals  for  household  purposes,  "  from  morning  till  night — all  the  days 
in  the  year,"  an  abundance  was  raised  into  B,  without  any  exertion  or 

Such  was  tht?  first  water-ram.  As  an  original  device,  it  is  highly  honor> 
able  to  the  sagacity  and  ingenuity  of  its  author;  and  the  introduction  of  an 
air  vessel .  without  which  all  apparatus  of  the  kind  could  never  be  made 
durable,  strengthens  his  claims  upon  our  regard.  In  this  machine  he  has 
shown  that  the  mere  act  of  drawing  water  from  lung  tubes  for  crdinaiy 
purposes,  may  servo  to  raise  a  portion  uf  their  contents  to  a  higher  level; 
an  object  that  does  not  appear  to  have  been  previously  attempted,  or 
even  thought  of.  The  device  also  exhibits  another  mode,  besides  that 
by  pressure  engines,  of  deriving  motive  force  from  liquids  thus  drawn, 
and  consequently  opens  another  way  by  which  the  immense  power  ex- 
pended in  raising  water  for  the  supply  of  cities,  may   ^jmin  be  givwi 
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out  with  the  liquid  from  the  lateral  pipes.  Notwithstanding  the  advan* 
tagcs  derived  trom  such  an  apparatus,  under  ciccumstances  similar  to 
those  indicated  by  the  figure,  it  does  not  appear  to  have  elicited  the  at- 
tention of  engineers,  nor  does  Whitehurst  himself  seem  to  have  been  aware 
of  its  adaptation  as  a  substitute  for  forcing  pumps,  in  locations  where  the 
water  drawn  from  the  cock  was  not  required,  or  could  not  be  used.  Had 
he  pursued  the  subject,  it  is  probable  the  idea  of  opening  and  closing  the 
cock  (by  means  of  the  water  that  escaped)  with  some  such  apparatus  ns 
figured  in  No.  ICO,  would  have  occurred  to  him,  and  then  his  machine 
being  mads  self-acting,  would  have  been  applicable  in  a  thousand  loca- 
tions. But  these  additions  wore  not  made,  and  the  consequence  was,  that 
the  invention  was  neglected,  and  but  for  the  one  next  to  be  described,  it 
would  most  likely  have  passed  into  oblivion,  like  the  steam  machines  of 
Branca,  Kircher,  and  Decaua,  till  called  forth  by  the  application  of  the 
same  principle  in  more  recent  devices. 

Whenever  we  peruse  accounts  of  the  labors  of  ingenious  men,  in  search 
of  new  discoveries  in  science  or  the  arts,  sympathy  leads  us  to  rejoice  at 
their  success  and  to  grieve  at  their  failure :  like  the  readers  of  a  well 
written  novel  who  enter  into  the  views,  feelings  and  hopes  of  the  hero ; 
realize  his  disappointments,  partake  of  his  pleasures,  and  become  interested 
in  his  fate ;  hence  something'  like  regret  comes  over  us,  when  an  indus- 
trious expenmenter,  led  by  his  researches  to  the  verge  of  an  important 
discovery,  is,  by  some  circumstance  diverted  (perhaps  teraporanly)  from 
it ;  and  a  more  fortunate  or  more  sagacious  rival  steps  in  and  bears  off  the 

Erice  from  his  grasp— a  prize,  which  a  few  steps  more  would  have  put 
im  in  possession  of.  Tnus  Whitehurst  with  the  water-ram,  like  Papin 
with  the  steam-engine,  discontmued  his  researches  at  the  most  interesting 
point — at  the  very  turning  of  tlie'tide  that  would  have  carried  him  to  tlie 
goal ;  and  hence  the  fruit  of  both  their  labors  has  contributed  but  to  en- 
hance the  glory  of  their  successors. 

The  Belter  hydraulique  of  Montgolfier  was  invented  in  1796.  (Its  au- 
thor was  a  French  paper  maker,  and  tlij?  same  gentleman  who,  in  conjunc- 
tion with  his  brother,  invented  balloons  in  1782.)  Although  it  is  on  the 
principle  of  Whitehurst's  machine,  its  invention  is  believed  to  have  been 
entirely  independent  of  the  latter.  But  if  it  were  even  admitted  that 
Montgolfier  was  Dbcquainted  with  what  Wl-^itehurst  had  done,  still  he  has, 
by  his  improvements,  made  the  ram  entirely  his  own.  He  found  it  a 
comparatively  useless  device,  and  he  rendered  it  one  of  the  most  efficient 
— ^it  was  neglected  or  forgotten,  and  he  not  only  revived  it,  but  gave  it  a 
permanent  place  among  hydraulic  machines,  and  actually  made  it  the 
most  interesting  of  them  an.  It  was,  previous  to  his  time,  but  an  embryo; 
"when,  like  another  Prometheus,  he  not  only  wrought  it  into  shape  and 
beauty,  but  imparted  to  it,  as  it  were,  a  principle  of  life,  that  rendered  i'A 
movements  self-acting  ;  for  it  requires  neither  the  attendance  of  man,  nor 
any  thing  else,  to  keep  it  in  play,  but  the  momentum  of  the  water  it  i< 
employed  to  elevate.  Like  the  organization  of  animal  life,  and  the  me- 
chanism by  which  the  blood  circulates,  the  pulsations  o£  this  admirable 
machine  incessantly  continue  day  and  night,  tor  months  and  years;  while 
nothing  but  a  deficiency  of  the  liquid,  or  defects  in  the  apparatus  can  in- 
duce it  to  stop.  It  is,  compared  to  Whitehurst's,  what  the  steam-engine  ' 
of  Watt  is  to  that  of  Savary  or  Newcomen. 

Montgolfier  positively  denied  having  borrowed  the  idea  from  any  one- 
he  claimed  the  invention  as  wholly  his  own,  and  there  is  no  reason  what* 
ever  to  question  his  veracity.  The  same  discoveries  have  often  been,  and 
•dU  are,  made  in  the  same  and  in  distant  countries,  independently  i  i  eacii 
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other.  It  is  k  conunon  occurrence,  and  from  the  cunstitudon  of  the  hu- 
man mind  will  always  be  one.  A  patent  was  taken  out  in  England  for 
■elf-acting  rams  in  1797  by  Mr.  Boulton.  the  partner  of  Watt,  and  u  no 
reference  was  made  in  the  specification  to  Montgolfier,  many  pcraoni  ima- 
gined them  to  be  of  English  origin,  a  circumstance  that  elidted  some  re- 
.  marks  from  their  author.  "  Cetta  invention  (says  Montgolfier)  n'est  point 
d'origine  Anglaise,  elle  appartient  tonte  enti^re  k  la  France ;  Je  declare 
qne  j'en  suis  le  seul  inTenteur,  et  que  I'id^e  ne  m'cn  a  ^t^  foumie  pat 
personne;  it  est  vrai  qu'un  de  mes  amis  a  fait  parser,  avec  mon  agn^ment, 
a  MM.  Watt  et  Boulton,  copie  de  plusieurs  dessiiis  que  j'svais  faits  de 
cette  machine,  avec  nn  m^moire  d^taill^  sur  ses  applications.  Ce  sont  m 
mime*  deiritu  qui  ont  ^t/6  fid^lement  copies  uana  la  patente  prise  par  M. 
Boulton  k  Londres,  en  date  du  13  Decembre  1797 ;  ce  qui  est  une  verit^ 
dont  it  est  bien  dloign^  de  disconvenir,  ainsi  que  le  respectable  M.  Watt" 
We  have  inserted  this  extract  from  Hachette,  because  we  really  supposed 
un  reading  the  epecificaUon  of  Boulton's  patent  in  the  Repertory  of  Arts, 
(for  1738,  vol.  i\,)  that  the  variouB  modificadons  of  the  mm  there  dee- 
oribed  were  the  invention  of  that  gentlemaji.  The  patent  was  granted  10 
"  Matthew  Boulton,  for  Au  invention  of  improved  apparatus  and  nietbodi 
for  raising  water  and  other  fluids." 


No.  168  represents  a  simple  form  of  Montgolfier's  ram.  The  motive 
column  descends  from  a  sprmgor  brook  A  through  the  pipe  B,  near  the 
end  of  which  an  air  chamber  D,  and  rising  main  F,  are  attached  to  it  as 
shown  in  the  cut.  At  the  extreme  end  of  B,  the  orifice  is  opened  aitd 
closed  by  a  valve  E,  instead  of  the  cock  in  No.  167.  This  valve  opens 
■ir;wnward8  and  may  either  be  a  spherical  one  as  in  No.  168,  or  a  common 
spind'e  one  as  in  No.  169.  It  is  the  play  of  this  valve  that  reikdera  the 
machine  self-acting.  To  accomplish  this,  the  valve  is  made  of,  or  loaded 
with,  idch  a  weight  as  just  to  open  when  the  water  in  B  is  at  rest ;  i.e.k 
muMl  be  so  heavy  as  to  overcome  the  pressure  against  its  under  side  when 
Closed,  r.i  represented  at  No.  169.  Now  suppose  this  valve  open  as  in 
ITo.  It'C,  'he  water  flowing  through  B  soon  acquires  an  additional  farce 
:.liat  :}>iies  up  the  valve  against  its  seat;  then,  as  in  shutting  the  cock  of 
Whit^aurst's  machine,  a  porrion  of  the  water  will  enter  and  rise  in  F,  the 
valve  of  the  air  chamber  preventing  its  return.  When  this  has  taken  place 
tlie  water  in  B  has  been  brought  to  rest,  and  as  in  that  state  its  preastne 
is  insufficient  to  sustun  the  weig  d  of  the  valve,  E  opens;  (descenda)  the 
water  in  B  s  again  p..;  in  m'  :ian,  and  again  it  closes  E  as  before,  when 
another  portion  is  driven  into  the  air  vessel  and  pip«  F ;  and  thus  the 
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operation  is  conUnued,  as  long  as  the  spring  affords  a  sufficient  supply  and 
the  apparatus  remains  in  ftrder. 

The  surface  of  the  water  in  the  spring  or  source  should  always  be  kept 
at  the  same  elevation,  so  that  its  pressure  against  the  valve  £  may  always 
be  uniforms-otherwise  the  weight  of  £  would  have  to  be  altered  as  the 
surface  of  the  spring  rose  and  fell. 

This  beautiful  machine  may  be  adapted  to  numerous  locations  in  every 
countiT.  When  the  perpendicular  fall  from  the  spring  to  the  valve  E  is 
but  a  lew  feet,  and  the  water  is  required  to  be  raised  to  a  considerable 
height  through  F,  then,  the  length  of  the  ram  or  pipe  B,  must  be  in- 
creased, and  to  such  an  extent  that  the  water  in  it  is  not  forced  back  into 
the  spring  when  £  closes,  which  will  always  be  the  case  if  B  is  not  of 
BufEcient  length.  Mr.  Millington,  who  erected  several  in  England,  Justly 
observes  that  a  very  insignificant  pressing  column  is  capable  of  raising  a 
very  high  ascending  one,  so  that  a  sufficient  fall  of  water  may  be  obtained 
in  almost  every  running  brook,  by  damming  the  upper  end  to  produce  the 
*eservoir,  and  carrying  the  pipe  down  the  natural  channel  of  the  stream 
until  a  sufficient  fall  is  obtained.  In  this  way  a  ram  has  been  made  to  raise 
one  hundred  hogsheads  of  water  in  twenty-four  hours  to  a  perpendicular 
height  of  one  hundred  and  thirty-four  feet,  by  a  fall  of  only  four  feet  and 
a  half  M.  Fischer  of  Schafi*hausen,  constructed  a  water-ram  in  the  form 
of  a  beautiful  antique  altar,  nearly  in  the  style  of  that  of  Esculapius,  as 
represented  in  various  engravings.  A  basin  about  six  inches  in  depth,  and 
from  eighteen  to  twentv  inches  in  diameter,  received  the  water  that  formed 
the  motive  column.  This  water  flowed  through  pipes  three  inches  in  di- 
ameter that  descended  in  a  spiral  form  into  the  base  of  the  altar ;  on  the 
valve  opening  a  third  of  the  water  escaped,  and  the  rest  was  forced  up  to 
a  castle  several  hundred  feet  above  the  level  of  the  Rhine. 

A  long  tube  laid  along  the  edge  of  a  rapid  river,  as  the  Niagara  above 
the  falls,  or  the  Mississippi,  might  thus  be  used  instead  of  pumps,  water 
"wheels,  steam-engines  and  horses,  to  raise  the  water  over  the  highest 
banks  and  supply  inland  towns,  however  elevated  their  location  might  be; 
and  there  is  scarcely  a  farmer  in  the  land  but  who  might,  in  the  absence 
of  other  sources,  furnish  his  dwelling  and  bams  with  water  in  the  same 
w^,  from  a  brook,  creek,  rivulet  or  pond. 

if  a  ram  of  large  dimensions,  and  made  like  No.  168,  be  used  to  raise 
water  to  a  great  elevation,  it  would  be  subject  to  an  inconvenience  that 
would  soon  destroy  the  beneficial  effect  of  the  air  chamber.  When  speak- 
ing of  the  air  vessels  of  fire-engines,  in  the  third  book,  we  observed  that  if 
air  be  subjected  to  great  pressure  in  contact  with  water,  it  in  time  be* 
comes  incorporated  with  or  absorbed  by  the  latter.  As  might  be  supposed, 
the  same  thing  occurs  in  water-rams ;  as  these  when  used  are  inces- 
santly at  work  both  day  and  nighu  To  remedy  this,  Montgolfier  ingeni- 
ously adapted  a  very  small  valve  (opening  inwards)  to  the  pipe  beneath  the 
air  chamber,  and  which  was  opened  and  shut  by  the  ordinary  action  of  the 
machine.  Thus,  when  the  flow  of  the  water  through  B  is  suddenly  stop- 
ped by  the  valve  E,  a  partial  vacuum  is  produced  immediately  below  the 
air  chamber  by  the  recoil  of  the  water,  at  which  instant  the  small  valve 
opens  and  a  portion  of  air  enters  and  supplies  that  which  the  water  ab- 
sorbs. Sometimes  this  tnifiing  valve,  as  it  has  been  named,  is  adapted  to 
another  chamber  immediately  below  that  which  forms  the  reservoir  of  air, 
as  at  B  in  No.  169.  In  smaU  rams  a  sufficient  supply  is  found  to  enter  at 
the  valve  E. 

Altliough  air  chambers  or  vessels  are  not,  strictly  speaking,  constttuem 
elements  of  water-rams,  they  are  indispensable  to  the  permanent  operation 
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of  theie  machinea.  Without  them,  the  pipei  would  soon  be  ruptured  by  the 
violent  concussion  consequent  on  the  sudden  sjpppage  of  the  efflux  of  the 
motiTe  column.  They  perform  atimilarpart  to  coat  ofthe  bags  of  wool.  &c. 
which  the  ancienta,  when  besieged,  interpodeJ  between  their  walls  and  the 
battering  iam»  of  the  besiegers,  in  order  to  break  the  force  of  the  Uows. 

The  ram  has  also  been  used  id  a  few  caaes  to  raise  water  by  atmos- 
pheric pressure  from  a  lower  level,  so  an  to  discbarge  It  at  the  same  level 
with  the  motive  colamn  or  even  higher.  See  SipAon  Ratn,  in  next  booL 
The  device  by  which  Montgolfier  made  the  ram  self-acting,  is  one  of 
the  neatest  imaginable.  It  is  unique :  there  never  was  any  thing  like  it 
m  practical  hydraulics,  or  in  the  whole  range  of  the  arts  ;  and  its  simpli- 
city ii  equal  to  its  novelty,  and  useful  effects.  Perhaps  it  may  be  said  that 
he  only  added  a  valve  to  Whitehurst's  machine  :  be  it  so^but  that  sim- 
ple valve  instantly  changed,  as  bv  magic,  the  whole  character  of  the  ap- 
paratus— like  the  mere  change  of  the  cap,  which  transformed  the  Leech 
Hakim  into  Saladin.*  And  the  emotions  of  Cceur  de  Lion,  upon  finding 
his  great  adversary  had  been  his  physician  in  disguise,  were  not  more  ex- 
quisite than  those,  which  an  admir«r  of  this  department  of  philosophy  ex- 
periences, when  he  contemplates  for  the  first  time  the  metamorphosis  of 
the  English  machine  by  the  French  Savan.  The  name  of  Montgolfier 
will  Justly  be  associated  with  this  admirable  machine  in  future  ages. 
When  all  political  and  ecclesiastical  crusaders  are  forgotten,  and  the  me- 
mories of  all  who  have  hewed  a  passage  to  notoriety  merely  by  the  sword, 
will  be  detested — the  name  of  its  inventor  \vill  be  embalmed  m  the  recol- 
lections of  an  adpiring  posterity. 

The  water  cane,  or  nume  hydratdiqHe,  raises  water  in  a  different  man- 
ner from  any  apparatus  yet  described.  A  modification  of  it  in  miniatura 
has  lone  been  employed  in  the  lecture  room,  but  it  is  seldom  met  with  in 
descriptions  of  hydraulic  machines.  It  is  represented  at  No.  170 ;  aiid 
consists  of  a  vertical  tube,  in  out- 
ward appearance  like  a  walkiog 
cane,  having  a  valve  opening  up- 
wards at  the  bottom,  and  placed 
in  the  liquid  to  be  raised.  Sup- 
pose ihe  lower  end  twelve  or  Gf- 
teen  inches  below  the  surface,  iLe 
water  nf  course  would  enter 
through  the  valve  and  stand  at 
the  same  height  within  as  with- 
out :  now  if  the  tube  were  raised 
quickly,  but  not  entirely  out  of 
Uie  water,  the  valve  would  close 
and  the  liquid  within  would  be 
carried  up  with  it ;  and  if,  when 
the  tube  was  at  the  highest  point 
of  the  stroke,  its  motion  waa  tud- 
denly  renerted  (by  jerking  it  back) 
the  lii]uid  column  within  would 
still  conQnue  to  ascend  until  the 
momentum  imparted  to  it  at  the 
first  was  'expended  ;  hence  a  va- 
I»»m     if^iTL  If^in.  <""^y  ^'■"W  be  left  in  the  lower 

part  of  the  instrument  into  which 
K  freth  portion  of  water  would  enter,  and  by  repeating  the  operation  the 
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tube  would  become  filled,  and  a  jet  of  water  would  then  be  thrown  from 
the  upper  orifice  at  every  stroke.  This  effect  obviously  depends  upon  the 
rapidity  with  which  the  instrument  is  worked,  ».  e.  a  sufficient  velocitv 
must  be  given  to  the  water  by  the  upward  stroke  to  prevent  it  descend" 
ing,  till  the  tube  again  reaches  the  lowest  point,  and  consequently  receives 
another  supply  of  water.  The  instrument  should  be  straight  and  the  bore 
smooth  and  uniform,  that  the  liquid  may  glide  through  with  the  least  pos- 
■  sible  obstruction.  As  its  length  must  be  equal  to  the  elevation  to  which 
the  water  is  to  be  raised,  it  is  necessarily  ol  limited  application,  and  espe- 
cially so  since  the  whole  (both  water  and  apparatus)  has  to  be  lifted  at 
every  stroke — not  merely  the  liquid  that  is  discharged,  but  the  whole 
contents  of  the  machine. 

By  making  the  upper  part  of  the  tube  slide  within  another  that  is  fixed^ 
a  short  part  only  ot  the  apparatus  might  then  be  moved,  and  by  connect- 
ing an  air  chamber  as  in  No.  171,  a  continual  stream  from  the  discharging^ 
orifice  might  be  produced.  A  stufiing  box  should  be  adapted  to  the  end 
of  the  fixed  tube.  Hachette  suggested  the  application  of  a  spring  pole 
(like  those  used  in  old  lathes)  to  communicate  die  quick  reciprocating  mo- 
tion which  these  machines  require. 

No.  172  represents  another  form  of  the  instrument.  Two  spiral  tubes 
coiled  round  m  opposite  directions  are  secured  to  and  moved  by  a  verti- 
cal shaft.  Their  upper  ends  are  united  and  terminate  in  one  discharging 
Oiifice;  the  lower  ones  are  enlarged,  and  each  has  a  valve  or  clack 
opening  inwards  to  retain  the  water  that  enters.  By  means  of  the  handle 
A,  which  is  mortised  to  the  shaft,  an  alternating  circular  motion  is  im- 
parted to  the  whole,  and  the  water  thereby  raised  through  these  coiled 
tnbes  on  precisely  the  same  principle  as  through  the  perpendicular  ones 
just  described.  Thus,  when  the  handle  is  moved  either  to  the  right  hand 
or  to  the  left,  one  valve  closes,  and  the  water  within  receives  an  impulse 
that  continues  its  motion  along  the  tube  after  the  movement  of  the  latter 
ie  reversed ;  and  by  the  time  its  momentum  is  expended  a  fresh  portion 
of  water  has  entered  that  pre\ents  its  return.  In  this  manner  all  the  coils 
become  filled,  and  then  every  additional  supply  that  enters  below  drives 
before  it  an  equal  portion  from  the  orifice  above.  This  machine,  there- 
fore differs  from  Nos.  170  and  171  only,  in  being  adapted  to  a  horizon- 
tal instead  of  a  perpendicular  movement.  Each  tube  in  the  figure  forms 
a  distinct  machine,  and  should  be  considered  without  reference  to  the  other 
Their  discharging  orifices  are  united  to  show  how  a  constant  jet  may  be 
produced.  By  making  the  upper  part  turn  in  a  stuffing^  box  in  the  bottom 
of  a  fixed  tube,  as  in  No.  171,  water  might  then  be  raised  higher  than  the 
movable  part  of  the  apparatus. 

That  property  by  which  all  bodies  tend  to  continue  either  in  a  state  of 
rest  or  motion,  viz :  inertia,  increases  the  effect  of  these  machines,  for  when 
the  momentum  imparted  to  the  liquid  in  the  tubes  is  exhausted,  inertia 
alone  prevents  it  from  instantaneously  flowing  back,  and  hence  there  is 
time  for  an  additional  portion  of  water  to  enter  at  the  valve.  The  action 
of  the  canne  hydraulique  is  similar  to  that  by  which  persons  throw  water 
to  a  distance  from  a  bucket,  or  a  wash-basin.  The  momentum  given  to 
the^e  vessels  and  their  contents  carries  the  latter  to  a  distance,  while  the 
former  arc  held  back  or  retained  in  the  hands.  Coals  are  thus  thrown  from 
a  scuttle,  earth  from  a  shovel,  and  it  is  the  same  when  a  traveler  on  a 
galloping  horse,  or  when  drawn  furiously  in  an  open  carriage,  continues 
on  his  journey  after  the  animal  suddenly  stops — ^his  adhesion  to  his  seatp 
not  being  sufficient  to  resist  the  motal  inertia  of  his  body. 
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lUcliiMt  Ibr  raMDf  water  by  Are  i  Airii»nhi»tt  Amiiiit  weathw^fliwti  IKIrtatJoo  of  ak  by  beat 
md  etadeandoii  by  oold— Anetoat  Egyptiaa  ■ifwoMchiaet  8t»t—  of  UoamMi— Siotuot  ofSorapis  smI 
ibo  Bitd  of  Mooiiioii— OocMia'  and  Kirebor^  BMcbiaoiy  to  aeeoaat  for  Ae  toaada  oTtbe  Tbeboa  Idol-* 
Remarks  oa  tfae  Butue  of  Momnon  Miichiaa  for  raimaf  vater  by  tba  saa**  hoal,  fh>ai  Heroo — ^unilv 
maehinas  ia  Iba  nxteeatb  oeotury— Air-nacbiaoi  by  Porta  aad  Deeaaa— OiatUUaf  by  the  euo's  bcofr-  Ma- 
•ieal  air  maehioes  by  Drabble  aad  Dacaaa  -Air  aiaebioea  acted  oa  by  ordiaary  fire— Modifieadcws  oTtheai 
employed  ia  aocieut  altar»— Broaae  altera— Tricka  performed  by  tbe  bea^ea  prioata  with  fire— Oiban 
by  heated  air  and  vapor— Bellowa  employed  la  aaeient  ahara— Trieka  parfbrmed  at  altara  mentioaed  by 
HeroB— ^tar  that  feoda  itwif  with  fiame,  flrom  Heraa— lafoaaity  diaplayed  by 
of  tbe  temples— The  Spiritalia— Sketch  of  ita  ooataata— Cariooa  Lastral  Vi 


A  separate  book  might  with  propriety  have  been  devoted  to  machiiie« 
which  raise  water  through  tubes  by  means  of  the  weight,  pressure,  mo- 
mentum, or  other  natural  properties  of  liquids,  without  the  necessary  in- 
tervention of  wheels,  cranks,  levers,  &c.  With  such,  those  now  to  be 
described  mi^ht  also  have  been  classed,  since  they  too  require  neither 
external  macninery  nor  force.  They  differ  however  from  pressure- 
engines  and  water-rams,  and  every  other  device  yet  noticed,  in  bringing 
into  action  a  new  element,  viz.  heat  or  fire.  It  is  by  this  that  the  force 
upon  which  their  movements  depend  is  generated,  viz.  in  the  expansion 
ot  elastic  fluids.  There  are  two  kinds  of  these  machines  which  diifer  ac- 
cording to  the  fluid  medium  upon  which  the  fire  is  made  to  act.  In  some 
this  is  common  air,  in  others  Heam  or  vapor  of  water,  and  sometimes  both 
steam  and  air  have  been  employed.  The  present  chapter  is  appropriated 
to  air  machines.  These  might  be  divided  mto  two  classes,  according  to 
the  nature  of  the  heat  employed ;  in  some  this  is  derived  from  the  sun ; 
in  others,  from  ordinary  fire.  Those  in  each  class  might  also  be  arrang- 
ed according  to  that  property  of  the  air  upon  which  their  action  depends, 
viz.  1.  the  force  developed  by  its  expansion ;  2.  the  vacuum  formed  by  its 
condensation  ;  3.  thoso  m  wmch  both  are  combined.  The  first  might  bo 
compared  to  forcing  pumps,  the  second  to  sucking  or  atmospheric  ones, 
and  the  third  to  those  which  both  suck  and  force  up  the  water. 

It  was  observed  in  the  second  book  (page  176)  that  all  gases  or  airs 
are  expanded  by  heat  and  contracted  by  cold.  A  proof  of  this  is  afforded 
by  the  usual  mode  of  employing  cupping-glasses  ;  a  minute  piece  of  cot- 
ton or  spons;e  dipped  in  alcohol  is  innamed  and  placed  in  a  glass ;  upon 
which  the  air  becomes  dilated  or  increased  in  bulk,  so  that  a  great  part 
is  driven  ou|  to  make  room  for  the  rest ;  the  mouth  of  Ae  instrument  is 
then  applied  to  the  place  from  which  blood  is  to  be  withdrawn;  the  flame  of 
the  cotton  is  thereby  extinguished  and  as  the  remaining  air  becomes  coo] 
it  cannot  resume  its  previous  state  of  density,  and  consequently  a  vacuity 
or  void  is  left  in  the  glass.  Plumbers  sometimes  make  small  square  Ixixes 
of  sheet  lead ;  and  on  soldering  in  the  covers  the  temperature  of  the 
contained  air  is  so  greatly  increased,  that  before  the  soldering  is  completed 
a  large  portion  is  expelled,  and  when  the  boxes  become  cool  every  side 
is  found  slightly  collapsed.     This  result  is  the  required  proof  of  the 
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0el8  being  tight.  Now  it  is  clear  that  if  a  communicatton  was  opened  by 
a  tube  between  the  interior  of  one  of  these  boxes  and  a  vessel  of  water 
placed  a  few  feet  below,  that  the  liquid  would  be  forced  into  it  (by  the 
atmosphere)  until  the  contained  air  occupied  no  greater  space  than  it  did 
before  any  part  was  driven  out  by  the  heat.  This  mode  of  raising  liquids 
may  be  illustrated  at  the  tea-table  :  Let  a  saucer  be  half  filled  with  cold 
water,  hold  an  inverted  cup  just  over  it  and  apply  for  a  moment  a  small 
slip  of  lighted  paper  to  the  interior  of  the  cup,  drop  the  paper  on  the 
water  and  cover  it  with  the  cup,  when  the  liquid  contents  of  the  saucer 
will  be  instantly  forced  up  into  the  inverted  vessel. 

If  an  inverted  glass  siphon  be  partly  filled  with  water  and  the  orifice 
(if  one  leg  be  then  closed  and  that  leg  be  held  to  the  fire,  the  air  expand- 
ing wHl  drive  out  the  liquid  and  cause  it  to  ascend  in  the  other  leg. 
Several  philosophical  instruments  illustrate  the  same  thing.  Previous  to 
the  discovery  of  atmospheric  pressure  and  the  invention  of  the  barometer, 
the  expansion  of  air  by  heat  was  the  principle  upon  which  the  ancient 
weather  glasses  were  constructed.  They  were  made  in  great  variety. 
The  simplest  consisted  of  a  glass  tube  having  a  bulb  blown  on  the  closed 
end.  It  was  held  over  a  fire  to  dilate  the  air,  and  the  open  end  waa 
then  plunged  into  a  vessel  of  water.  Its  construction  was  the  same  as  the 
modern  barometer.  Variations  in  the  temperature  and  density  of  the 
atmosphere  caused  the  water  to  rise  and  fall  in  the  tube,  as  the  contained 
air  was  dilated  and  contracted,  and  thus  changes  in  the  weather  were 
indicated.  From  these  instruments  the  barometer  received  its  former  name 
of  **  the  weather  glass."' 

The  degree  of  elevation  to  which  water  can  be  thus  raised  depends 
opon  the  temperature  to  which  the  contained  air  is  subjected ;  its  dilatation 
or  increase  oi  bulk  being,  according  to  some  authors,  in  common  ^vith 

*  The  following  extract  from  a  book  published  ten  yean  before  the  dincovery  of  at- 
mospheric preiwure,  may  interei*t  nome  readerg.  Although  the  instrnuients  to  which  it 
refers  are  no  longer  in  qm,  they  ought  noi  to  be  entirely  forgotten. 

"  A  weatlier-glasse  is  a  structure  of  at  the  least  two  glasses  [a  tube  and  the  vessel 
containing  the  water]  sometimes  of  three,  foure,  or  more  as  occasion  serveth,  inclosing 
a  quantity  of  water,  and  a  porcion  of  ayer  proporcionable ;  by  whose  condensacion 
or  mrifaction  the  included  water  is  subject  nnto  a  continual  mocion,  either  upward  or 
downward ;  by  which  mocion  of  the  water  is  commonly  foreshown,  the  stale,  change, 
and  alteracion  of  the  weather ;— for  I  speak  no  more  than  whst  my  own  experience  hath 
made  me  bold  to  affirm  ;  you  may  (the  time  of  the  year,  and  the  following  observacions 
nnderstaiidingly  considered)  bee  able  certainly  to  foretell  the  alteracion  or  uncertainty 
of  the  weather  a  good  many  hours  before  it  come  to  pass.  / 

There  are  divers  several!  fashions  of  weather-glasses,  but  principally  two.  1.  The 
circular  glasse.  2.  The  perpendicular  glasse.  The  perpenaiculars  are  either  single, 
double  or  treble.  Thesingleperpendicularsareof  two  sorts,  either  fixt  or  moveable: 
The  fixt  are  of  contrary  oiialiiies ;  eitlier  such  whose  included  water  doth  move  upward 
with  cold,  and  downward  with  heat,  or  else  upward  with  heat  and  downward  with  cold. 
In  the  double  and  treble  perpendiculars,  as  the  water  ascendeth  in  one,  it  descendeth  as 
mnch  or  more  in  the  other.  In  the  moveable  perpendiculars,  the  glasse  being  artificially 
hanged,  it  moveth  up  and  down  with  the  water." 

The  author  then  describes  the  various  kinds  mentioned  and  tells  his  reader  |'  if  you  doa 
well  observe  tlie  form  of  the  figures  you  cannot  go  amisse/'  He  also  gives  directions  for 
making  coloured  water  for  the  tubes,  such  as  "  may  be  both  an  ornament  to  the  work  and 
delectable  to  the  eve."  Treatise  on  Art  and  Nature,  A.  D  1633  or  4.  See  account  nf  this 
book  page  321.  A  modification  o{^  an  air-glass  may  be  found  in  the  Forcible  Movements 
of  Deeaus,  (plate  viii,)  which  he  names  an  Engine  tluU  shall  move  ofitsdf.  Lord  Bacon, 
IB  whose  time  these  air  glosses  were  common,  presented  what  appears  to  have  been  an 
improved  one  and  of  his  own  invention,  to  the  Earl  of  Essex,  who  it  is  said,  was  so  capti- 
vated with  it  that  he  presented  the  donor  with  Twickenham  Park  and  its  garden,  as  a 
place  for  his  suidies.  The  instrument  was  named  *  A  secrst  curiosUif  of  nature^  wkerebff  i& 
fmew  the  ssMos  qfeverf  homr  of  the  fear,  bif  a  PkUosofhiud  Qlass.placed  {with  a  BtnaUprofia^ 
\qfw0ia  yima  ehmmber.    An  account  of  Lord  Bacon's  Works,  Losdon,  l<i79. 
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other  permanently  elastic  fluids,  in  a  geometrical  progression  to  equal  in- 
crements of  heat.  A  volume  of  air  at  ordinary  temperatures  is  increased 
over  one  third,  if  raised  to  212^  Fahrenheit.  At  the  fusing  point  of  lead 
(about  600^)  it  is  more  than  doubled,  and  at  the  heat  of  IKKP,  it  would 
be  tripled.  Let  a  small  elass  tube  be  attached  to  the  neck  of  a  Florence 
flask,  and  heat  both  in  boiling  water ;  if  the  end  of  the  tube  be  then  placed 
in  mercury,  the  latter  will  as  the  air  becomes  cooled  rise  in  the  tube,  to  the 
height  of  ten  inches-— equal  to  about  eleven  feet  of  water.  If  they  were 
heated  to  600^  it  would  rise  to  fifteen  inches ;  and  if  to  1100^  to  twenty- 
one  or  two  inches.  We  hav^  connected  a  tube  to  the  mouth  of  a  common 
Suart  bottle,  and  after  heating  the  latter  over  a  fire,  placed  the  end  of 
le  tube  in  mercury,  and  on  removing  the  whole  to  liie  open  air,  then  at 
5(P,  the  mercury  in  a  few  minutes  rose  to  sixteen  inches ;  hence  rather 
more  than  one  half  of  the  air  had  been  expelled  by  the  heat.  These 
efiects  take  place  when  the  enclosed  air  is  dry  ;  but  if  it  be  moist,  or  if  a 
drop  or  two  of  water  be  in  the  vessel,  the  results  are  greater,  because  the 
vapor  of  the  liquid  would  alone  fill  or  nearly  fill  the  vessel  and  would 
dnve  out  a  corresponding  quantity  of  air. 

This  mode  of  creating  a  vacuum  and  raising  water  by  the  dilatation  and 
condensation  of  air  is  now  seldom  used,  because  superior  results,  as  just 
mtimated,  are  obtained  from  steam  and  with  less  expense.  Air  machines 
are  however  interesting  in  several  respects.  They  are  among  the  earliest 
examples  of  elastic  fluids  being  employed  as  a  moving  power,  induced  by 
alternate  changes  of  temperature.  They  constitute  the  first  link  in  that 
chain  of  devices  that  has  now  terminated  in  the  steam  engine,  but  which 
will  probably  be  prolonged  through  future  ages  by  the  addition  of  even 
more  efficient  mechanism.  In  this  view  of  the  subject,  air  machines  will 
coiyiect  the  researches  and  inventions  of  antiquity,  m  the  development  and 
applications  of  the  most  valuable  because  most  pliable  of  all  mouve  forces, 
with  every  improvement  future  engineers  may  make  to  the  end  of  time. 

The  oldest  air-machines  known  were  made  in  Egypt,  and  the  oldest 
account  extant  of  such  devices  is  also  derived  from  that  country,  viz.  from 
the  Spiritalia.  It  is  also  worthy  of  remark  that  they  are  associated  by 
Heron  with  other  devices  of  the  priesthood,  for  exciting  wonder  and  per- 
forming prodigies  before  the  people ;  thus  affording  a  collateral  proof  that 
occupants  of  the  ancient  temples  at  Thebes,  Memphis  and  Heiiopolis 
were  intimately  acquainted  with  the  principles  of  natural  philosophy; 
and  fully  capable  of  teaching  those  who  flocked  to  them  for  infbrmatioi^ 
from  Greece  and  neighboring  countries.  There  is  a  circumstance  too 
that  indicates  a  more  thorough  and  practical  acquaintance  with  the  me« 
chanical  properties  of  elastic  fluids,  and  the  means  of  exciting  those  pro- 
perties than  might  at  first  be  supposed,  viz.  in  the  substitution  of  the 
sun's  heat  for  that  of  ordinary  fires.  This  seems  to  have  been  adopted  in 
cases  where  the  miracle  to  be  wrought  could  not  be  accomplished  oy  the 
latter  without  danger  of  detection,  or  when  it  could  not  be  so  secretly 
effected,  or  could  not  be  performed  with  such  imposing  effect.  Cif 
this,  the  vocal  stittue  on  the  plain  of  Thebes  is  an  example.     This  gi- 

Smtic  idol  saluted  the  rising  sun  and  continued  to  utter  sounds  as  lone^  as 
e  solar  beams  were  shed  over  it,  and  while  surrounded  by  the  myriads 
that  worshipped  at  its  shrine.  Now  these  sounds  were  produced,  acoor> 
ding  to  Heron,  by  the  dilatation  of  air,  or  by  ^apor  evolved  by  the  sun's 
heat  from  water  contained  in  close  vessels,  that  were  concealed  in  or  con- 
nected to  the  base  of  the  statue,  and  exposed  to  the  solar  rays.  The 
expanded  fluid,  it  is  supposed,  was  conveyed  through  tubes  whose  orf^c«ii 
were  fashioned  to  produce  the  required  sounds 
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Cambyses  desirons  of  ascertaining  the  concealed  mec^ianism,  it  \h  said, 
broke  the  statue  from  the  head  to  the  middle.  According  to  some  writers 
he  discovered  nothing ;  while  others  mention  an  opinion  prevalent  among 
the  Egyptians  that  the  image  previously  uttered  the  seven  mysterioiis 
vowels,  but  never  afterwards.  Strabo  has  recorded  a  tradition  that  the  in- 
jury was  caused  by  an  earthquake.  He  visited  Egypt  in  the  first  century, 
and  remarks,  that  early  one  morning  as  he  and  Gallus  tne  prefect,  with  many 
other  friends,  and  a  large  number  of  soldiers  were  standing  by  the  statue, 
they  heard  a  certain  sound,  but  could  not  determine  whether  it  came  from 
the  trunk  or  the  base ;  there  was  however  a  prevailing  belief  that  it  pro- 
ceeded from  the  latter  or  its  vicinity.  The  sounds  finally  ceased  in  the 
fourth  century,  when  Christianity  became  established  in  the  country. 
Some  authors  have  supposed  two  different  devices  were  employed  ;  one 
previous  to,  and  the  other  subsequent  to  the  mutilation  of  the  statue  ;  and 
that  one  or  both  consisted  of  springs,  &c.  on  the  principle  of  some  of  the 
speaking  heads  of  the  middle  ages.  Heron,  however,  who  must  have 
been  familiar  with  the  image  and  the  sounds  utitered  by  it,  attributed  the 
latter  to  air  or  vapor,  evolved  and  expanded  by  solar  heat ;  so  that,  how- 
ever we  may  speculate  on  the  subject,  in  his  opinion  the  Pharaonic  priest^ 
hood  were  well  acquainted  with  the  dilatation  and  contraction  of  airs  by 
heat  and  cold,  and  with  various  modes  of  employing  them.  Moreover, 
the  movements  of  the  famous  statue  of  Serapis  and  also  those  of  the  Bird 
of  Memnon  (an  image  which  we  have  previously  mentioned)  were  also 
produced  by  air  or  vapor  dilated  by  the  sun's  heat ;  and  we  shall  present- 
ly see  that  tricks  on  the  same  principle  were  frequently  pcrfbrmed  at  an- 
cient altars. 

Modeni  expositions  of  the  mechanism  or  supposed  mechanism  of  the 
Theban  Idol  are  derived  from  the  Spiritalia.  That  of  Decaus  consists 
of  a  close  vessel,  of  the  form  of  a  pedestal,  having  a  partition  across  it  by 
which  two  air-tight  compartments  are  formed.  One  of  these  is  half  filled 
with  water  and  exposed  to  the  solar  rays — the  other  contains  air  and  to 
its  upper  part  are  connected  two  or^n  pipes  or  reeds  that  communicate 
with  the  statue.  A  communication  is  formed  between  the  two  compart- 
ments by  a  siphon,  the  legs  of  which  are  inserted  at  the  top  and  descend 
nearly  to  the  bottom  of  each  compartment.  Thus  when  the  sun  warmed 
the  vessel  containing  water,  the  air  and  vapor  within,  became  expanded 
and  pressing  on  the  surface  of  the  liquid  forced  part  of  the  latter  through 
the  siphon  into  the  other  compartment,  by  which  a  corresponding  portion 
of  air  was  forced  through  the  organ  pipes.  A  figure  and  details  of  this 
apparatus  form  the  23rd  plate  of  Decaus'  Forcible  Movements.  Pausa- 
mas  and  some  other  ancient  authors  compared  the  sounds  to  those  produ- 
ced by  the  vibration  of  harp  strings ;  and  Juvenal,  who  was  exiled  to 
£gypt  by  Domitian,  seems  to  have  been  of  the  same  opinion. 

-     -     -  when  the  radiant  beam  of  morning  rings 

On  shattered  Memnon's  still  harmonious  strings. — xy.  Sat, 

Hence  Kircher  in  his  explanation,  instead  of  conveying  the  rarefied  air^ 
or  vapor  throuG^h  a  wind  instrument,  made  it  act  against  the  vanes  of  a 
wheel,  as  in  Branca's  steam  machine,  and  as  the  wheel  was  thus  bk>wn 
round,  a  number  of  pins  attached  to  its  periphery  struck  a  series  cf  wires 
•o  arranged  as  to  receive  th^  blows.  A  figure  of  this  device  is  inserted 
in  his  GEdijnu  JEgyjftiacus,     Rome,  1652,  Tom.  iii,  page  326. 

Whatever  the  device  was,  it  seems  to  have  been  as  adniirable  in  its 
execution  and  the  disposition  of  the  mechanism,  as  in  its  conception.  We 
are  not  certain  tliat  it  was  ever  fully  understood  except  by  the  priests  of 
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the  adjoining  teiaple.  The  Romans  do  not  appear  to  .have  liad  suflideni 
curiosity  to  gire  it  a  critical  examination.  What  a  contrast  it  forms  with 
some  modem  wonders  I  These  have  puzzled  people  onlv  while  exomi* 
nation  was  prohibited — while  access  to  them  was  denied,  as  the  ches»> 
player  of  Kempelen ;  but  the  colossal  android  of  Thebes  detied  the  scrud- 
ny  of  the  world  through  unknown  periods  of  time.  In  it,  the  old  priests 
of  E^pt  have  sent  down  a  surprising  specimen  of  their  nkill.  We  know 
from  the  Bible  that  they  had  a  profound  knowledge  of  Natural  Magic  ; 
i.  e.  of  the  applications  of  science  to  purposes  of  deception,  and  ibis  statue 
confirms  the  scriptural  account : — it  shows  us  what  an  amount  of  labor 
and  ingenuity  was  expended  in  the  fabricalioD  of  idols,  and  to  what  a 
prodigious  extent  the  ancient  aystema  of  delusion  were  carried — how  the 
very  magnitude  and  even  ttiblimit^  of  the  impostures  were  calculated  to 
hear  down  the  intellect  and  establish  an  unshaken  belief  in  the  communion 
of  the  priests  with  the  gods. 

If  a  close  metallic  vessel  conlaining  water  be  exposed  to  the  sun,  the 
'  air  in  the  upper  part  will  become  dilated  by  the  heat  and  may  be  employ- 
ed to  raise  the  water :  for  if  a  tube  be  inserted  at  the  top,  and  the  lower 
end  reach  nearly  to  the  bottom,  the  elasticity  of  the  air  will  be  ex[>ended  in 
forcing  the  liquid  up  the  tube  and  to  an  elevation  according  to  the  increase 
of  its  temperature.  A  device  of  tbis  kind  is  described  by  Heron  which 
is  represented  in  the  annexed  cut. 

On  the  lid  of  a  box  or  cis- 
tern containing  water  is  placed 
a  globe,  also  partly  filled  with 
the  same  fluid.  A  pipe  rifes 
from  the  cistern  to  about  the 
centre  of  the  globe.  Another 
pipe  through  which  the  water 
U  to  be  raised  proceeds  from 
near  the  bottom  of  the  globe 
and  terminates  over  a  vase  or 
cup,  which  communicates  with 


represented.  ' 
When  the  sun  beams  fall  on 
the  globe,  the  air  within  is  ra- 
refied  and    by  its   expansion 
forces  the  water  through  the 
Na.in.    Bal^  WiMT  br  Um  Su    Fna  Hana.         pipe    into    the    vase,    through 
which  it  descends  again  into 
the  cistern.     When  the  sun  beams  are  withdrawn  and  the  surface  of 
the  globe  becomes  cool,  a  partial  vacuum  is  formed  in  the  globe,  and  the 
pressure  of  the  atmosphere  then  drives  a  fresh  portion  into  it  from  the 
raatem  below ;  wiien  it  is  again  ready  to  be  acted  on  by  the  sun  as  before. 
In  addition  to  the  air.  at  first  contained  in  the  globe,  a  quantity  of  vapor 
or  low  steam  would  be  evolved  by  the  heat  and  contribute  geatiy  to  the 
rMulL     The  cistern  represents  an  open  reservoir  which  may  i>e  at  a  dis- 
tance from  the  globe,  and  the  vase  merely  exhibits  the  place  of  discharge 
— having  no  necessary  connecuon  with  the  reservoir.     The  apparatus  ai 
a  model,  is  figured  just  as  philosophical  instruments  still  are.     Iliua  in 
modern  books,  a  pump  (for  exam|ile]  is  often  shown  as  discharging  water 
into  the  reservoir  from  which  it  raises  it.     We  make  these  remarks  be- 
cause some  persons  are  too  apt  to  consider  these  ancient  figures  as  liters] 
representations  of  working  machines,  whereas,  they  were  designed  merely 
to  illustrate  the  prbciples  upon  which  the  movements  depended;  and  ai 
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specimens  from  «irliich  others  for  practical  purposes  might  be  deduced. 
It  is  quite  a  common  remark  in  old  authors,  after  describmg  a  device,  to 
observe  that  various  machines  for  other  purposes  may  be  derived  from  it, 
and  excuse  themselves  for  not  pointing  out  particular  modes  of  doing  this, 
because  they  considered  them  too  obvious  to  require  it. 

Whether  such  modes  of  raising  water  were  practised  in  Europe  previ- 
ous to  the  sixteenth  century,  we  have  no  means  of  ascertaining;  butm  the 
middle  of  tliat  and  the  beginning  of  the  following  one  they  are  frequently 
to  be  met  with  in  old  authors. 

Baptist  Porta,  in  his  Natural  Magic^  after  describing  a  method  of  ra^«- 
ing  water  from  the  bottom  to  the  top  of  a  tower,  by  means  of  a  vacuum 
formed  by  water  flowing  from  a  close  vessel ; — next  proposes  a  mode  of 
accomplishing  the  same  object"  by  hexit  alone  J*  A  close  vessel  of  brass 
was  to  be  placed  upon  the  tower,  having  a  pipe  connected  to  its  upper 
part  and  extending  down  to  the  water  to  be  raised  ;  the  orifice  being  a 
short  distance  below  the  surface.  The  vessel  was  then  **  to  be  made 
hot  by  the  sun,  or^re,**  to  rarefy  the  contained  air  and  expel  a  portion  of  it 
through  the  pipe.  As  the  vessel  grows  cold,  he  observes,  the  remaining 
air  is  condensed,  and  because  it  cannot  then  fill  the  vacuity,  "  the  water  is 
called  in  and  ascends  thither.''*  (Book  xix.  chap.  3.)  He  does  not  men- 
tion the  height  of  the  tower  because  the  philosophers  of  that  age  had  no 
idea  that  the  elevation  to  wliich  water  would  ascend  into  a  vacuum  had 
any  limits — and  hence  in  another  part  of  the  same  work  Porta  uses  the 
following  language — "  A  vacuum  is  so  abhorred  by  nature  that  the  world 
would  sodner  be  pulled  asunder  than  any  vacuity  can  be  admitted." 
(Book  xviii.  chap.  1.)  There  is  another  passage  in  the  5th  chapter  of  the 
19th  Book,  from  which  it  seems  that  he  employed  the  elastice  force  of 
air  or  steam,  or  a  mixture  of  both  as  in  No.  174^ — ^and  generated  either  by 
the  heat  of  the  sun,  or  by  that  of  lamps  or  candles,  as  shown  at  No.  189. 

After  describing  a  fountain  of  compression,  which  he  exhibited  to  some 
of  the  great  Lords  of  Venice,  and  the  operation  of  which  he  says  caused 
great  surprise  as  there  was  no  visible  cause  for  the  water  flying  so  high- 
he  continues,  "  1  also  made  another  place  near  this  fountain  that  let  in  light, 
and  when  the  air  was  extenuated,  so  long  as  any  light  lasted  the  fountain 
threw  out  water,  which  was  a  thing  of  much  admiration,  and  yet  but  little 
labor."     This  passage  is  probably  imperfectly  translated. 

No.  174,  on  the  next  page,  forms  the  9th  plate  attached  to  the  **  Forcible 
Movements"  of  Decaus.  (Translated  by  Leak,  London,  1659.)  It  exhi- 
bits an  extension  of  Heron's  machine  already  noticed,  (No.  173.)  Decaus 
says  "  this  engine  hath  a  great  effect  in  hot  places  as  in  Spain  and  Italy.' 

Four  air  tis^t  copper  vessels,  a  foot  square  and  8  or  9  inches  deep,  are 
80  arranged  that  the  sun  may  shine  strongly  upon  them.  A  pipe,  having 
a  valve  o,  opening  upwards,  communicates  with  the  lower  part  of  each,  to 
supply  tliem  with  water  from  the  spring  below.  Another  pipe  passes 
over  the  upper  surfaces,  having  branches  which  descend  nearly  to  the  bot- 
tom of  each  vessel.  A  valve  is  also  placed  in  this  pipe,  from  the  upper 
end  of  which  the  jet  of  the  fountain  issues.  At  the  commencement,  each 
vessel  is  about  one  third  filled  with  water,  through  openings  on  the  top, 
which  are  then  plugged  up.  **  Then  the  sun  shining  upon  the  ^aid  en- 
gine shall  make  an  expression  by  rarefying  the  enclosed  air  and  force  the 


•  Natural  Maoick  in  tteenty  books  by  John  Baptist  Porta,  vfkeniu  on  sst forth  aUtke 

)dddigkts  of  the  Natural  Sciences,** — London,  1658. 

Iteoutaiiis,  beside  a  multitude  of  ab^turditie?,  many  ingenious  devices.  The  trtrntbe, 
camera  obscura,  air  gnn.  repeating  guns,  air  cubes,  ear  trumpets,  &c.  &c,  are  described. 
The  work  was  first  published  in  l&O. 
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wate.*  to  i.cw  ont  u  in  t})e  figure.  And  tfUr  th«  heat  of  the  day  u  pui- 
eil  Kbu  the  night  shall  come,  the  veBteli  shall  draw  the  water  of  th« 
cisteiu  [spring  by  the  pipe  and  aucker  [lower  valve]  and  shall  fiU  the 
TesBt.li>  aa  before.  -.-....  And  yon  must  observe  that  the  two 
■ucktrs  [vblves]  must  be  made  very  light  and  likewise  veiy  just,  ao  ai 
the  «wer  may  not  descend  by  them  after  it  b  raised." 


An  improvement  upon  the  preceding  machine  is  nest  given  by  Decaus. 
The  form  of  the  vessels  is  altered,  and  double  convex  lenses  or  "  buriiin| 

E lasses"  ore  so  arranged  on  their  covers  -m  to  collect  "  the  rates  of 
le  sun  within  the  said  vesiela,  the  which  wi!l  cause  a  great  beat 
to  the  water,  and  by  that  means  make  it  spring  forth  vrith  great  abuD' 
dance,  and  also  higher  if  it  be  required."  (See  the  figure  below.)  It  is, 
we  think,  in  the  range  of  probability  that  the  heat  of  the  solar  rays  maj 
yet  be  applied  in  some  situations  to  raise  water  with  effect 
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Whether  this  application  of  lenses  "  to  enerease  the  force  of  the  sun* 
in  air  enfpnes,  was  a  device  of  Decaus,  we  know  noL     The  idea  howev* 
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would  natsrally  ocenr  to  any  engineer  of  the  time,  engaged  on  the  im 
firoreineDt  of  auch  raachineB,  because  distilling  by  the  sun  both  witli  len- 
HB  and  without  them  was  a  common  jprac lice  with  chemists  in  ijist  »sfi 
and  some  cenniriea  before.     Baptist  Porta  described  the  process  in  tha 
tenth  book  of  his  Natwal  Magtc,  and  observes  that  "  the  waters  exQ'acl- 
ed  by  the  sun  are  the  best."     See  also  Mautm  Riutique,  Paris,  1574, 
page  211.      Kircher's  Mumiut  Suhterrtaieiu,  Tom.  ii,  392.     Other  au- 
thors also  describe  the  application  both  of  convex   and  concave  lenses  to 
concentrate  the  solar  rays  on  distilling  vessels ;  a  practice  probably  as  old 
as  the  time  of  Archimedes,  or  even   older.     We  give  an  extract  from  an 
Engjiiih  translation  of  one  of  Gesner's  works,  who  died  in  1545. 

"  Further,  although  that  the  Chiraisticke  authours  doe  teach  and  shew 
diverse  fashions  of  distilling  by   ascension,   yet  may   all   these   wales  be 
braught  into  three  orders.     ......--     The  first  manner  is,  when  we 

distill  anie  liquids  substsjice  or  flowers  in  the  sonne  by  force  of  his  heate. 

man  Adam  Loneier,  tn  his 
treatise  on  the  arte  of  dis- 
tilling, setteth  forth  an 
easie  raaoer  of  distilling 
by  the  heate  of  the  auune 
heames  -----  and  the 
same  !«  to  be  wrought  on 
this  wise :  take,  saiu  Lou- 
cier,  a  hollowe  buminf 
glasae,  which  direct!  le 
place  towarde  the  bote 
heames  of  the  sunne,  after 
tetweene  the  beams  of 
:e  and  the  burning- 
glasse,]  set  the  glass  bodie 
Mo-na   DI«Ull.(bT<k>S»'<H*M  [Retort]  -    -    -    -   in  euch 

manner,  that  the  beames 
of  the  hote  annua  falling  into  the  hollow  glasse,  male  so  heate  backe 
and  extende  to  the  glasse  bodie  with  the  proper  matter  (as  to  the  object 
standing  ri^hte  against)  -  -  -  -  as  more  livelie  appeareth  by  this  fignre 
here  descnbed."* 

Air  dilated  and  vapor  evolved  by  the  sun's  heat  were  also  u«ed  to  pro- 
dace  music  in  the  middle  ages,  a  device  which  oflen  caused  that  celestial 
melody  which,  like  the  harp  of  Dunstan,  acquired  for  its  authors  a  repu- 
tation, sometimes  of  superior  sanctity,  and  at  others  of  dealing  with  the 
vricked  one.  The  musical  machine  of  the  famous  Dreiblc,  according  to 
Bishop  Wilkins,  was  of  this  kind:  i.  e.  a  modiRcadon  of  the  supposed  one 
in  the  Statue  of  Memnon.  DrebbJe's  machine,  says  the  Bishop,  "  wonld 
of  itself  render  a  soft  and  pleasant  harmony  when  exposed  to  the  sun's 
raya,  but  being  removed  into  the  shade  would  presently  becwne  silent. 
Tfao  reason  of  it  was  this;  the  warmth  of  the  sun  working  upon  soma 

•  Tilt  Brwtia(^&tMie  and  MfkitUke.wltamiucviamud  fia  mttt  iiaHeM  tcnu 
^ pkisicke  and  ]AUo$oplae.  derided  inle  fimrt  BeokM — iM  lie  tt*i^  an  Ihtiatapprmtdnm*- 
miaJoTtlie  diitoKi,  ai  kcU  intcard  at  oWinirrf.  <if  at  lie  fartt  <^  maut  iod|i:  trralingierf 
amflu  of  at  dinlillatiom  qftcaltri,  ofoyUi,  bal>iie$,  ijmnltMtnta,  leiA  Ike  tilmditm  mmU- 
Jkmi  anttu.  Ae  vh  oad  fTtpmration  rfamtimm^  aid  fobtiU  gM,  gaUurtd  oM  qf  lie  iot 
mmd  fluM  apfnetd  aatkoan.  bg  thai  actUail  Doctor  Geanena.  AUo  the  puttim  and  nuaur 
U  make  lie  veadt.  fmrnaeea  and  otier  rasfrnmatlt  ttemmto  belimgiiv.  Keirlg  eamcttd 
wed  fiM'tied  i»  EngUtie,  by  Otorgt  Baker,  owi^Uu  tiaeena  Mmattei  diiefe  Crvvgmu 
«■  trdinrf.    Uinbm,  BlociG  Loitr.  1009. 
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moisture  witbhi  it,  and  rarefying  the  inward  air  unto  so  great  an  extension 
that  it  must  needs  seek  for  vent  or  issue,  did  thereby  give  several  motions 
unto  t}^  instrument.'*     (Math.  Magic,  Book  ii,  chap.  1.) 

Decais,  besides  his  explanation  of  the  vocal  statue  of  Egypt,  has  given 
a  description  of  a  musical  summer,  a  device  apparently  similar  to  Dreb> 
ble's ;  and  in  the  twenty-second  plate  of  his  work  he  has  figured  another 
which  Switzer  has  copied  into  his  system  of  hydrostatics. 

The  heat  of  the  sun  is  too  uncertain  to  be  relied  upon  in  those  pro- 
jects that  require  immediate^  and  certun  results.  During  the  evening, 
night,  and  early  dawn,  nothing  could  be  effected ;  and  even  in  mid-day, 
clouds  and  showers  often  intercept  or  divert  the  rays :  moreover  a  ma- 
chine when  placed  so  as  to  be  heated  directly  by  the  sun,  soon  experien- 
ces a  diminution  of  its  influence  by  the  motion  of  the  earth.  Those  rays 
which  fall  directly  upon  it  becoming,  in  consequence  of  this  motion, 
oblique.  These  and  other  unfavorable  circumstances  are  common  to  most 
countries  where  the  solar  heat  is  sufficiently  intense,  while  in  others  it  is 
too  feeble  to  be  used  with  effect ;  hence,  in  the  temperate  zones,  within 
which  the  arts  have  at  all  times  been  chiefly  cultivated,  the  application  of 
ordinary  fire  has  superseded,  for  nearly  all  practical  purposes,  thai  derived 
from  the  sun.  In  some  parts  of  the  earth  saline  waters  are  concentrated, 
and  salt  produced  by  the  heat  of  the  glowing  orb  of  day,  but  for  every 
thing  like  the  devices  belonging  to  our  subject  it  is  now  seldom  employed^ 
if  at  all. 

The  oldest  applications  of  fire  to  raise  liquids  are,  singularly  enough, 
also  to  be  found  among  the  philosophical  tricks  of  ancient  priests,  and 
amonff  the  prodigies  which  they  performed  at  the  altar  itself.  The  selec- 
tion of  altars  for  such  displays  was  natural,  because  it  was  at  them  the  will 
of  the  gods  was  more  particularly  expected  to  be  made  known.  It  must 
not  be  supposed  that  ancient  altars  were  all  simple  structures  of  wood, 
stone,  brick,  or  marble  ;  on  the  contrary,  many  of  them  were  elaborately 
designed,  and  constructed  entirely  of  meUd.  Every  one  knows  that 
bronze  or  brazen  altars  are  of  frequent  occurrence  in  the  Old  Testament, 
and  the  descriptions  of  some  prove  them  to  have  been  splendid  specimens 
of  workmanship  and  design.  The  altar  for  **  burnt  offerings,"  being  up- 
wards of  eight  feet  square  and  five  deep,  was  covered  with  plates  of 
brass.  The  grate,  fire  place,  vessels,  fee.  were  also  of  the  same  material 
One  of  the  numerous  brazen  altars  built  by  Solomon  was  an  extraordinary 
affair,  being  twenty  cubits,  or  thirty-three  jeet  square,  and  sixteen  feet  higli. 
The  large  number  of  victims  consumed  on  it  and  the  necessary  fires  ac- 
count for  these  dimensions. 

As  some  of  the  most  effectual  frauds  were  consummated  at  and  by 
means  of  altars,  the  civil  governors  of  the  heathen,  and  some  of  the  worst 
princes  of  the  Jews,  made  use  of  them  for  the  performance  of  state  tricks, 
to  intimidate  the  people  and  subdue  them  to  their  will.  In  such  matters 
a  collusion  between  the  priests  and  statesmen  of  antiquity  is  very  obvi« 
ous.  (By  a  similar  combination  of  church  and  state  it  is  that  the  people 
of  Europe  are  still  oppressed.)  When  Themistocles  could  not  otherwise 
carry  out  his  measures,  he  did  not  fail  to  make  the  oracles  interfere.  There 
are  some  interesting  particulars  in  2d  of  Kings,  chap.  xvi.  respecting  a 
brazen  altar  which  Ahaz  examined  at  Damascus,  and  an  exact  copy  of 
which  he  had  made  and  erected  in  Jerusalem.  It  evidently  was  of  a  no- 
vel construction  and  was  probably  designed  for  working  pretended  mira- 
cles for  state  purposes,  for  it  was  among  those  destroyea  by  his  son  He* 
sekiah.  Montfaucon  in  the  supplement  to  his  antiquities  describes  soma 
sizigalar  altars,  and  among  others,  one  on  which  an  eagle  was  made  sod* 


Chap.  2.]         Thcks  performed  at  AUart  hy  metuu  qfFire.  383 

dcnly  to  rise  as  in  the  act  of  flying  away.  This  he  observes  was  effected 
by  machinery  moved  by  a  person  appointed  for  the  purpose. 

There  are  numerous  intimations  in  history  of  frauds  practiced  at  altars 
by  fire,  and  by  wdter  and  other  liquids.  We  shall  notice  a  few  here,  and 
others  in  the  next  chapter.  A  very  ancient  tradition  taught  that  those 
were  the  greatest  gods  that  answered  their  worshippers  by  fire.  This 
was  a  prevailing  belief  among  the  ancient  heathen,  and  hence  the  ingenuity 
of  the  priests  was  particularly  exercised  in  devising  means  to  produce  a 
spontaneous  or  "  divine  fire,"  to  consume  the  sacrifices.  Servius,  a  Roman 
writer,  affirms  that  in  ancient  times  fire  was  never  kindled  on  the  altars, 
but  was  drawn  down  from  heaven  by  prayers.  Solinus  another  Roman 
author,  who  wrote  in  the  first  century,  speaks  of  one  in  Sicily  upon  which 
tLe  fuel,  though  ever  so  green,  would  kindle  of  itself  if  the  sacrifice  was 
acceptable  to  the  gods.  Pausanius  relates  an  example  of  wh>ch  )  e  was 
a  witness.  Some  of  the  devices  are  known.  When  the  victim  was  laid  on 
the  altar  and  the  fuel  ready  to  be  kindled,  a  libation  of  wine  or  oil  was 
poured  upon  it ;  streams  of  the  liquid  trickled  through  fissures  or  secret 
channels  into  a  pan  of  coals  concealed  below,  and  instantly  the  sacrifice 
"was  enveloped  in  flames,  and  the  desired  proof  of  its  acceptance  given. 
At  other  times  naptha,  a  mineral  oil  that  takes  fire  on  being  exposed  to  the 
air,  was  adroitly  aropt  on  the  fuel  by  the  priests  as  they  ofliciated.  Thib 
is  the  substance  by  which  Medea  is  supposed  to  have  destroyed  Creusa, 
by  impregnating  with  it  the  enchanted  gown  which  she  presented  to  her. 
w  hen  Creusa  had  put  it  on  and  was  approaching  the  altar,  it  burst  into 
flames,  and  she  expired  in  excruciating  torments.  The  Druids  had  the 
art  of  kindling  without  fire  a  sulphurous  substance  by  which  they  struck 
terror  into  their  enemies.  There  are  presumptive  proofs  that  both  they 
and  the  priests  of  Deiphos  had  gunpowder,  with  which  they  imitated 
diunder  and  lightnincr ;  and  this  accords  with  a  remark  of  Pliny,  in  the 
second  book  of  his  Natural  History,  (chap.  53.)  *'  It  appeareth  upon  re- 
cord in  chronicles  that  by  certun  sacrifices  and  prayers,  lightnings  may 
either  be  compelled  or  easily  intreated  to  fall  upon  the  earth."  And  he 
observes  that  there  was  an  old  tradition  in  Etruria,  that  lightning  was 
procured  **  by  exorcisms  and  conjurations."  The  ancient  priests  of  Ethio- 
pia worshiped  the  sun,  and  at  the  close  of  harvest  they  separated  a 
portion  of  die  fruits  from  the  rest  as  a  sacrifice  to  the  Deity :  if  the  offer- 
ing was  acceptable  it  instantly  took  fire.  The  Vestal  ^mylia  rekindled 
the  sacred  fire  on  the  altar  of  Vesta,  by  putting  her  veil  over  it,  that  is,  by 
some  device  which  the  act  of  adjusting  her  veil  concealed :  in  fact  enough 
is  known  to  convince  us  that  old  temples  were  perfect  laboratories.  (See 
an  expose  of  the  pretended,  descent  of  celestial  fire  on  Good  Fridays,  into 
the  holy  sepulchre  of  Jerusalem  (which  is,  we  believe,  still  kept  up)  in 
Motraye's  Travels,  vol.  i,  page  79.) 

But  it  was  not  by  the  sudden  appearance  of  flames  only  that  fire  was 
employed  as  an  agent  of  deception.  Equally  surprising  effects,  and  as 
secretly  produced,  were  derived  from  the  heat  which  the  fuel  and  burn- 
ing sacrifice  gave  out.  It  will  readily  be  imagined  that  this  heat  must 
have  been  intense  when  a  bullock,  a  sheep,  or  a  goat,  was  consumed  ;  and 
sometimes  several  antmals  were  offered  at  once  upon  the  same  altar.  In 
burnt-offerings,  every  part  was  to  be  reduced  to  ashes,  and  hence  particu- 
lar care  was  required  that  the  fuel  should  be  dry  as  well  as  in  abundance ; 
otherwise  the  mass  of  flesh  and  juices  might  extinguish  the  fire— a  circum- 
stance that  was  deemed  very  inauspicious.  It  was  also  customaiy  to  pour 
wine  and  oil  upon  the  sacrifice,  and  spices  and  perfumes  to  correct  the 
odor.     These,  of  course,  increased  the  heat,  and  in  addition  to  which,  it 
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tppeari  from  one  of  the  Hamilton  Vase*,  tLtt  Urg«  bellowi  wera  lome 
Umes  uaeil  to  promote  the  combustion  by  b  blast. 

A  modern  mechanician  will  at  once  perceive  that  the  radiation  of  heat 
from  Buch  fires  into  the  interior  of  altars  offered  an  effective  and  unaiupt- 
ciouB  source  of  fraud — one  from  which  a  distinct  teriei  of  prodigie*  might 
be  derived.  Let  us  aee  how  they  could  be  realized.  Suppose  a  bronie 
altar  made  air-tight,  with  a  cylindrical  or  other  ojienine  through  its  c«ntre, 
in  which  to  place  the  fire  and  to  afford  a  drai\,  (as  in  those  wooden  boilert 
in  which  water  is  heated  by  a  Gre  in  the  centre  ;  the  liijuid  being  in  ctai- 
tact  wilh  the  heated  sides  uf  the  furnace,  and  the  ashes  from  the  grate 
felling  through  the  draft  o|>ening,  which  b  continued  through  the  bMtom 
of  the  boilers)  or  the  passage  for  the  draft  might  be  made  at  right  augles 
to  the  furnace  or  fire-place,  and  terminate  at  one  side  of  the  altar;  the  up- 
per pari?  of  the  furnace  would  then  be  level  with  the  top  of  the  altar  apon 
which  the  victim  was  laid.  Suppose  the  airtight  cavity  round  the  iiir- 
nace  filled  to  a  certain  height  With  wine,  oil,  or  other  inSammable  liquid, 
a  vapor  would  then  he  evolved  by  the  heat,  and  mixing  with  the  contain- 
ed air  would  press  upon  the  s^r&ce  of  the  liquid,  which,  by  concealed 
tubes  might  be  conveyed  to  the  fire  and  thus  sustain  it  without  any  addi- 
tional fuel.  The  vapor  might  also  be  made  to  produce  sounds  as  in  Dreb- 
ble's  machine — images  of  birds  might  by  it  be  made  U>  aing — dragont 
and  serpeuts  to  hiss.  The  current,  like  the  blast  of  a  bellows,  might  be 
made  to  excite  the  flames  ;  and  by  appropriate  mechanism  impwt  motiiMi 
to  various  automata — cause  the  doors  of  the  temples  mysteriously  to  fly 
open  and  to  close.  Sec.  &c.  Now  it  so  happens  that  these  very  things 
were  done  and  by  means  of  air  and  vapor. 

The  annexed  figure,  from  Problem  XT,  of  the  Spiritalia,  wiU  servs 
as  a  specimen  of  the  ingenuity  of  the  ancients  in  these  respects.     It  ia 
merely  one  of  a  number  that  Heron  hu  given.      The  altar  was  of  metal,  , 
hollow  and  ur-tight,  and  placed  on  a  hollow  base  or  pedestal  {also  air- 
tight) which  contwned  a  quantity  of  oil  or  wine.     Upcm  the  base  stood 
two  statues,  each   holding  a   vase  ia 
one  hand  as  represented.     Pipes,  as 
shown  by  the  dotted  lines,  communi- 
cated  tlmiugh  the   statues  with  tha 
liquid.    As  the  air  within  the  altar  be- 
came dilated  by  the  heat,  it  necessarily 
forced   the   liquid  up   the   pipes  and 
drove  it  out  of  the  months  of^  the  va- 
ses in.  which  the  pipes  terminated.  It 
is  not  easy  to  see  why  the  bottom  of 
the  altar  aid  not  open  -iirectly  into  the 
base  or  reservoir  at  uitie,  instead  of 
the  pipe  that  connects  diem,  since  it 
would  have  promoted  the  evolution 
HhiTT.  Lhfaidi n<Hd  tr  Imu  ia  ueiHi  ii-    of  vapor;  but  the  liimre  represents 
only  one  ol  tbe  numerous  moaitiea- 
tions  employed.     It  is  obvious  from  this  and  some  other  devices  described 
hy  Heron,  (as  No.  173)  that  vapor  from  the  contained  licjuids  contributed 
eAirfii/  to  tiie  result,  although  he  has  not  in  all  cases  mentio'iied  it.    Indeed 
it  is  not  certain  that  he  did  not  confound  steam  with  air,  as  the  philoso- 
phers of  the  sixteenth  century  did,  of  which  some  examples  are  giv«i 
m  the  nest  two  chapters.     Had  air  alone  been  used  in  the  above  altar, 
the  effect  could  only  have  have  been  mf.meniary  ;  for  part  of  it  would 
bo  soon  absorbed  by  tbe  liquid  and  carried  out  with  it,  and  there  appears 
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fio  provision  for  a  fresh  supply.  Besides,  as  the  liquid  was  expelled,  the 
higher  would  the  remainder  have  to  be  raised,  and  consequently  unless  the 
air  received  a  corresponding  aicrease  ox  temperature  the  discharge  from 
the  vase  Ciigrit  cease. 

Had  it  not  been  for  the  Spiritalia,  we  should  never  have  suspected  that 
air  was  made  to  perform  so  important  a  part  in  ancient  frauds,  nor  that 
its  expansion  and  contraction  had  been  employed  to  raise  liquids.  Not- 
withstanding the  high  opinion  which  history  gives  us  of  the  philosophical 
knowledge  of  old  priests,  we  should  hardly  have  surmised  that  they  had 
the  art  of  applying  this  subtil  fluid  so  ingeniously.  They  seem,  however, 
jo  have  ransacked  all  nature  for  devices ;  and  to  have  become  familiar 
with  the  principles  upon  which  the  most  valuable  of  our  arts  and  ma- 
chinery are  based.  Astronomy,  acoustics,  chemistry,  optics,  hydrostatics, 
pneumatics,  and  hydraulics,  were  all  pressed  into  their  service.  Even 
the  application  of  steam^  as  a  source  of  motive  force,  did  not  escape  them ; 
so  that  had  their  energies  been  devoted  to  the  development  of  useful  me- 
chanism, the  world  would  probably  have  been  indebted  to  them  for  the 
•team  engine  itself. 

What  wonders  would  an  insight  into  the  old  temples  have  revealed ! 
To  have  had  an  opportunity  of  inspecting  the  machinery,  new  and  old-^ 
to  have  been  present  at  the  consultations  of  the  priests— witnessed  their 
private  experiments — ^heard  them  expatiate  on  the  defects  of  this  device 
and  the  perfect  working  of  that — suggesting  a  wheel  here  and  a  spring 
there — to  have  been  present  at  their  consultations  respecting  the  suspen- 
sion of  water  in  Tutia's  sieve,  and  witnessed  the  congratulations  exchang- 
ed at  the  eclat  with  which  that  and  many  other  trials  came  off,  &c.  &c. — 
would  have  made  us  acquainted  with  discoveries  both  in  science  and 
mechanical  combinations  tnat  would  throw  some  modem  inventions  into 
shade  : — But  the  tremendous  evils  which  their  impostures  induced  ren- 
dered concealment  on  the  part  of  the  priests  indispensable.  Exposure 
would  not  only  have  endangered  their  wealth  and  influence,  but  might 
have  led  to  their  extermination  by  an  outraged  and  plundered  people—- 
hence  the  veil  of  religion  was  interposed  to  screen  the  operators  and  their 
apparatus,  and  inevitable  death  was  the  consequence  of  undue  curiosity  : 
witness  that  of  AlcithcB,  a  female  of  Thebes,  who  ridiculed  the  orgies  of 
Bacchus,  and  was  represented  by  the  priests  as  having  been  changed  into  a 
hat ;  a  fiction  of  theirs,  most  likely,  to  conceal  their  having  taken  her  off. 
^pyttu  might  be  adduced  as  another  example— he  forcibly  entered  the 
temple  of  Neptui<e  and  was  strvvk  Hind  by  a  sudden  eruption  o£  tah^uiUer 
from  the  altar ;  probably  sulphuric  or  other  acid  secretly  ejected  by  the 
priests.  In  this  chapter  we  have  seen  they  had  the  means  of  doing  this 
by  the  dilatation  of  air  within  the  cavities  of  altars. 

We  shall  conclude  this  chapter  with  some  remarks  on  the  Spiritalia, 
a  work  that  had  more  influence  in  reviving  the  study  of  hydrodynamics 
in  modern  times,  than  any  other.  This  little  book,  like  a  rivulet,  sent  its 
streams  of  knowledge  over  all  Europe  in  the  sixteenth  century.  It 
stimulated,  if  it  did  not  create  that  spirit  of  investigation  and  experimen- 
tal research  which  then  commenced  and  has  continued  unimpaired  to  the 
present  time.  It  seems  to  have  caused  an  unusual  degree  oi  excitement. 
I^hilosophers,  chemists,  and  physicians,  as  well  as  engineers,  illustrated 
their  writings  by  its  problems  and  figu^s.  Porta,  Decaus,  Fludd,  and 
others,  avowedly  transferred  its  pages  to  their  works,  while  many  writers 
with  less  candor  and  less  ingenuity  made  use  of  it  without  acknowledg- 
ment. Of  all  the  old  mechanicians,  Besson  seems  to  have  been  less  in- 
debted to  it  than  any  other. 

49 
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Tho  Spiritalia  formed  but  a  small  part  of  the  writings  of  Heron :  bac 
all  of  them  reached  our  times,  we  should  have  possessed  an  almost  per^ 
lect  system  of  ancient  mechanical  philosophy.  He  wrote  books  on 
clepsydra*  automata,  dioptucs,  war  machmery,  eiigines  £or  raising 
weights;  and  an  mtroduction  to  mechanics,  which  is  said  to  have  been 

I  the  most  complete  work  on  the  subject  which  the  ancieots  possessed. 

'  Taken  as  a  whole,  the  Spiritalia  seems  more  like  the  manual  of  an  ancient 
magician  than  any  thing  else— a  collection  of  deceptions  with  the  pro- 
cesses by  which  they  were  matured.  In  it  Heron,  instead  of  appearing 
in  the  character  of  a  philosopher,  rather  assumed  (pei;haps  for  amusenient 
or  to  expose  the  frauds  of  the  Egyptian  hierarchy)  that  of  a  minister 
of  Isis,  initiadng  an  acolyte  into  the  mysteries  of  his  profession.  And 
numerous  as  are  the  devices  described,  they  doubtless  formed  but  a  small 
jMjrt  of  those  which  constituted  the  active  and  efficient  capital  of  the 
Egyptian  pnesthood«>  With  the  exception  of  an  hydraulic  and  another 
organ,  a  syringe,  fire  engine,  fountain  of  compression,  three  lamps  and 
two  eolipiles,  (and  most  of  which  were  also  used  for  unworthy  purposes) 
the  whole  may  be  considered  as  a  text  book  for  conjurers.  Of  the  seventy- 
six  problems  contained  in  the  book,  twelve  relate  to  the  working  of 
prodigies  at  the  altars,  by  air  dilated  by  the  heat  of  the  sacred  fires,  &c. 
as  already  noticed ;  upwards  of  forty  relate  to  sacrificial  vases,  Tantalus' 
cups,  magic  pitchers,  &c.  Jn  some  of  these  were  concealed  cavities,  in 
which  the  liquid  was  retained  or  discharged,  by  closing  with  the  thumb 
a  minute  opening  in  the  handle.     Water  was  poured  into  some  and  they 

gave  out  wine,  and  vice  versa.  In  the^e  we  have  a  solution  of  the  trick 
y  which  water  was  changed  into  wine  in  the  temple  of  Bacchus,  on  the 
7th  of  January  at  the  annual  feast  of  the  god,  as  mentioned  by  Pliny.  In 
others  were  disguised  partitions  forming  various  compartments  in  which 
different  liquids  were  retained,  and  all  discharged  at  one  orifice  (by  a 
species  of  three  or  four-way  cock)  so  that  those  in  the  secret  could  draw 
wine,  oil,  or  water,  at  pleasure ;  besides  many  other  merry  eaneeiU,  as  the 
old  authors  name  them.  There  is  we  think  among  them  abundant  evi- 
dence that  our  solution  of  Tutia's  miracle  of  carrying  water  in  a  sieve 
was  the  true  one.  It  is  probable  that  in  some  of  these  vases,  specimens  of 
the  old  divining  cups  may  be  found. 

The  ingenious  reader  will  not  repine  at  our  inserting  a  specimen 
of  a  lustral  vase.  We  have  selected  this  because  it  shows  tnat  me- 
ehanical  as  well  as  hydrodynamical  devices  were  adopted  as  occasions 
required.  It  shows  sJso  that  the  mode  of  increasing  or  diminishing  the 
pressure  of  a  valve  to  its  seat,  by  a  loaded  lever,  as  m  the  safety  valve  of 
a  steam  engine,  was  known—- a  circumstance  that  may  be  deemed  quite  in- 
significant by  some  persons ;  but  attention  to  such  little  things  ofben 
enables  us  to  arrive  at  correct  estimates  of  an  ancient  device,  and  of  the 
ingenuity  and  fertility  of  conception  of  ancient  devisers. 

Most  readers  are  aware  that  noly  water  was  derived  from  *hat  of  the 
heathen.  When  a  worshiper  was  about  to  enter  the  temple,  he  sprink- 
led himself  from  a  vase  of  it  placed  near  the  entrance.  On  some  particu- 
lar occasions  the  people  were  sprinkled  by  priests.  (See  an  example  at 
page  196.)  Those  who  celebrated  the  Eleusinian  mysteries  were  pam- 
cularly  required  to  wash  their  hands  in  holy  water.  In  the  middle  ages 
the  liquid  was  a  source  of  consid^i^ble  profit  to  monks,  and  it  was  even 
a  custom  for  clerks  and  scholars  to  hawk  it  for  sale. .  From  Heron's  de- 
scription of  the  following  figure,  (No.  178,)  we  learn  that  heathen  priests 
als<»  made  it  a  source  of  revenue ;  the  vessels  containing  lustral  water  not 
being  always  open  for  public  use,  free  of  charge,  but  dosed,  and  like  a 
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child's  money  box  provided  with  a  slit  at  the  top,  through  which  a  certaiik 
sum  was  to  be  put  before  the  donor  could  receive  any  of  the  purifying 
contents,  in  tne  vase  before  us  Jive  drachma,  or  about  seventy-five 
cents,  were  required,  and  it  will  be  perceived  from  the  construction  of  the 
apparatus  that  no  less  sum  could  procure  a  drop,  although  as  much  more 

might  be  put  in  as  tlie  donor  thought  proper  * 
The  device  is  a  very  neat  specimen  of  religious 
ingenuity,  and  the  more  so  since  it  required  no 
attending  minister  to  keep  it  in  play.  We 
may  judffe  of  other  apparatus  belonging  to  the 
old  temples  by  the  talent  displayed  in  this.  A 
portion  of  the  vase  is  removed  m  the  figure  to 
show  the  interior.  Near  one  side  is  seen  a 
cylindrical  vessel  at  A.  It  is  this  only  that 
ccn< lAined  water.  A  small  tube  attached  to  the 
txittom  is  continued  through  the  side  of  the  vase 
at  0,  where  the  liquid  was  discharged.  The  in- 
ner orifice  of  the  tube  was  formed  into  the  seat 
of  a  valve,  the  plug  of  which  was  fixed  on  the 
lower  end  of  the  perpendicular  rod,  whose  up- 
per 6nd  was  connected  by  a  bolt  to  the  hori- 
Bontal  lever  or  vibrating  beam  R.  One  end  of 
R  is  spread  out  into  a  flat  dish  and  so  arranged 
as  to  receive  on  its  surface  every  thing  dropped  through  the  slit.  The 
lever  turns  on  a  pin  or  fulcrum  ycry  much  like  a  pump  handle,  as  re- 
presented. The  operation  will  now  be  understood.  As  the  weight  of 
the  rod  kept  the  valve  closed  while  nothing  rested  upon  the  broad  end  of 
the  lever,  so  no  liquid  could  escape ;  but  if  a  number  of  coins  of  sufficient 
weight  were  dropped  through  the  slit  upon  the  end  of  R,  the  valve 
would  then  be  opened  and  a  portion  of  liquid  escape  at  o ; — the  quantity 
flowing  out  would  however  be  very  small,  not  only  from  the  contracted 
bore  of  the  tube,  but  from  the  fact  that  the  valve  would  be  open  only  a 
moment ;  for  as  the  lever  became  inclined  from  its  horizontal  position  the 
pieces  of  money  would  slide  off  into  the  mass  accumulated  at  H,  and  the 
efflux  would  as  quickly  be  stopped  :  the  apparatus  would  then  be  ready 
to  supply  the  next  customer  on  the  same  terms.  This  certainly  was  as 
simple  and  ingenious  a  mode  of  dealing  out  liquids  as  it  was  a  profitable 
one,  and  ailer  all  was  not  half  so  demoralizing  as  the  retailing  of  ardent 
•pints  in  modem  times. 

One  would  suppose  the  publication  of  such  a  work  as  Heron's  Spiri- 
talia  must  have  been  as  distasteful  to  the  occupants  of  ancient  temples, 
as  some  of  Luther's  writings  were  to  Leo  X  and  his  associates  oi  the 
Vatican. 

m 

*  In  fpondea,  hoc  est  in  van  ■acrifieii  injeeto  qainqne  dnefamanun  nnmitmate  aqua 
ad  inspergendnm  efflait.    fipirindia,  izL  « 
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Heraldic  device— Eolipilea  fkom  Riviua— Capelo  furnace  and  eolipUe,  from  Erckera— Similar  applica- 
tioaa  of  ateam  revived  and  patented— EoUpilea  of  the  human  form— Ancient  tennraa — Jack  of  Hihoa  ■ 
Pnater,  a  ateam  deity  of  the  ancient  Germana— Ingenoity  of  the  prieata  in  eonatrncting  and  workiag  it— 
Sttppoaed  alluaiona  to  edipilic  idda  in  the  biblo-^mployed  In  ancient  wara  to  pnqect  etreama  of  liquid 
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If  we  contemplate  the  past  history  of  man,  we  shall  find  that,  with  a 
few  insignificant  exceptions,  the  entire  race  has  been,  as  it  were,  doomed 
to  support  an  existence  surcharged  with  misery.  From  tbe  earliest  pe- 
riods of  recorded  time,  we  behold  the  great  mass  slaves  to  an  organized 
despotism  which  a  few  crafly  spirits  entailed  upon  the  species — a  despo- 
tism both  mental  and  physical — ^to  subdue  the  body  and  enthrall  the  nund 
—political  and  ecclesiastical  despotism.  To  tbe  neglect  of  mental  cultiva- 
tion alone,  these  evils  are  to  be  attributed ;  for  in  every  age  men  have  had 
the  same  elements  of  pros ^>eri ty  and  of  happiness.  The  earth  and  its 
treasures  have  always  been  at  their  disposal,  and  the  natural  capacities  of 
the  human  intellect,  have  probably  always  been  the  same.  It  is  the  im- 
provement of  these  capacities  by  culture,  and  their  degeneracy  by  neglect, 
that  make  all  the  differences  in  men's  condition.  The  horrible  sufferings 
of  the  myriads  of  human  beings  who  have  passed  through  a  life  of  un- 
ceasing and  unrequited  toil,  were  owing  to  their  ignorance,  and  hence  the 
tyrants  of  the  earth  have  always  labored,  and  still  labor,  to  keep  those 
uninformed  that  are  subject  to  their  sway.  Ignorance  was  the  grand  en- 
gine by  which  the  most  atrocious  systems  of  tyranny,  superstition  and 
magic  were  established  in  ancient  times ;  aad  whose  influences  are  not 
yet  done  away. 

But  within  the  last  two  centuries  a  new  era  has  opened  with  brigbtxir 
prospects  for  the  human  family  at  large,  than  has  ever  yet  dawned  upon 
H.  An  era  that  has  been  ushered  in  by  the  discovery,  or  rather  apphca- 
tion,  of  a  new  motive  agent,  viz.  steam.  The  wonderful  effects  which 
this  fluid  has  been  made  to  produce,  are  so  creditable  to  the  human  intel- 
lect, and  so  fraught  with  consequences  of  the  highest  import  to  our 
race  in  all  times  to  come,  as  to  excite  even  in  the  most  torpid  mina« 
emotions  of  stirring  interest.  Steam  is  changing  every  thing,  and  every 
thing  for  the  better.  It  has  opened  new  sources  ot  social  and  indi- 
vidual happiness :  nor  is  its  influence  confined  to  the  physical  condi- 
tion of  man,  for  by  its  connection  with  the  manufacture  of  paper  and  with 
the  printing  press,  it  has  done  more  to  rouse  and  exercise  the  moral  and 
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inteUectual  energies  of  oar  natare  than  any  thing  else ;  and  has  imparted 
a  vigorous  impulse  to  them,  as  well  as*  to  the  useful  arts.  As  all  the  ad- 
vantages derived  in  modem  times  from  steam  originated  in  attempts  to 
'^aise  uxUer  by  it,  we  need  offer  no  apology  for  indulging  in  some  preli* 
minaiy  remarks. 

What  a  proof  is  steam  of  the  stores  of  tnoiivejarces  that  are  to  be  found 
in  the  inorganic  world  !  Forces  that  can  render  us  incalculable  service, 
if  we  would  but  open  our  eyes  to  datect,  and  exercise  our  energies  to 
employ  them.  Who  could  have  supposed  two  centuries  ago,  that  the  sim- 
ple vapor  of  water  would  evor  be  used  as  a  substitute  for  human  exertions, 
and  should  relieve  man  from  a  great  portion  of  the  physical  toil  under 
which  he  has  groaned  from  the  beginning  of  the  world  f  That  it  would 
arm  him  with  a  power  which  is  irresistible,  and  at  the  same  time  the  most 
pliant— one  that  can  uproot  a  mountain,  and  yet  be  controlled  by  a  child  I 
Who  could  have  then  imagined  that  a  vessel  of  boiling  water  should  im- 
part motion  to  machinery  in  every  department  of  the  arts,  and  be 
equally  adapted  to  all^should  spin  and  weave  threads  fine  as  those  of  the 
gossamer ;  aiid  forge  tons  of  iron  into  single  bars  with  almost  equal  rapi- 
dity and  ease — raise  water  from  mines,  in  streams  equal  to  rivers  ;  and 
extract  mountains  of  mineral  from  the  bowels  of  the  earth — should 
propel  carriages,  such  as  no  horses  could  move,  with  the  velocity  of  wind  ; 
and  urge  ships  of  every  class  through  the  ocean,  in  spite  both  of  winds 
and  waves — should  be  the  means  of  circulating  knowledge  at  the  price  of 
waste  paper,  and  of  awakening  and  stimulaiing  the  mental  Capacities 
of  men  !  In  a  word,  that  a  little  aqueous  vapor  should  revolutionize  the 
whole  social  and  political  condition  of  man :  and  that  after  having  done 
all  this,  that  it  should  probably  e^ve  place  to  other  agentP,  still  more 
powerful  and  beneficial,  which  science  and  observation  should  discover. 

What  a  proof  is  steam  of  the  high  destiny  that  awaits  our  species  ! 
The  most  fervid  ima^nation  cannot  realize  the  importance  of  those  disco- 
veries in  science  and  the  arts,  of  which  it  is  merely  the  forerunner  ;  the 
first  in  that  new  catalogue  of  niotive  agents  that  are  ordained  to  change 
the  condition  of  men,  and  to  regenerate  the  earth ;  for  all  that  is  yet  done 
is  but  as  the  twilight  that  ushers  in  the  orb  of  day.  Hitherto  man  has 
been  comparatively  asleep,  or  in  a  state  resembling  it-*in sensible  of  the 
rich  inhentance  which  the  Creator  has  placed  at  his  disposal  in  the  elas 
tic  flutds,  and  of  their  adaptation  to  impart  motion  to  every  species  of  me 
chanism.  How  few  persons  are  aware  that  the  grand  invention  of 
imparting  motion  to  a  piston  by  steam  and  other  elastic  fluids,  is  the  pivot 
on  which  the  chief  affairs  of  the  world  is  destined  hereafter  to  turn  f 
And  the  time  is  not  distant  when,  by  means  of  it,  the  latent  energy  of  the 
^kses,  or  other  properties  of  inert  matter,  will  supersede,  in  a  great  de- 
gree, the  drudgery  of  man — will  perform  nearly  all  the  labor  which  the 
bones  and  sinews  of  our  species  have  hitherto  been  doomed  to  accomplish. 
There  are  persons,  however,  whose  minds  biased  by  the  eternal  bondage 
in  which  the  mass  of  our  race  has  always  been  held,  who  will  startle 
at  the  idea  of  the  whole  becoming  an  intelligent  and  highly  intellectual 
body.  They  cannot  conceive  how  the  affairs  of  life  are  to  be  continued 
^*the  execution  of  innumerable  works  which  the  constitution  of  society 
i^uire?  should  be  performed,  if  these  helots  become  free.  But  can  they, 
can  any  one,  seriously  believe  that  the  all-wise  and  benevolent  Creator 
eould  possibly  have  intended  that  the  highest  class  of  beings  which  he 
haB  placed  on  this  planet — the  only  one  capable  ef  appreciating  his 
^rorks  and  realizing  correct  ideas  of  his  attributes— that  the  great  por« 
don  of  these,  should  pass  through  tife  in  incessantly  toiling  for  mero 
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(bod ;— «hd  undergoing  privations  and  anff^nngB  to  obtain  it,  firom  wrdch 
the  lowest  animals  are  exempt  ?  Assuredly  not.  Had  such  been  his 
design,  he  would  not  have  created  them  with  faculties  expressly  adapted 
for  nobler  pursuits. 

It  is  the  glory  of  modem  science,  that  it  calls  into  legitimate  use 
both  the  physical  and  mental  powers  of  man.  It  rewards  him  with  nu* 
merous  forces  derived  from  inanimate  nature,  and  instructs  him  in  the 
application  of  them,  to  all,  or  nearly  all,  thp  purposes  of  life ;  and  even- 
tually it  will  require  from  him  no  greater  amount  of  physical  toil,  than 
what  conduces  to  the  full  development  of  all  the  energies  of  his  com- 
pound nature.  It  is  destined  to  awaken  that  mass  of  intellect  which  has 
hitherto  lain  dormant,  and  been  all  but  buried  in  the  laboring  classes ; 
and  to  bving  it  into  active  exercise  for  the  benefit  of  the  whole.  And  for 
aught  we  know,  the  "  new  earthy**  spoken  of  in  the  scriptures,  may  refer 
to  that  state  of  society,  when  science  has  thus  relieved  man  from  all  inju 
rious  labo]>— >when  he  will  walk  erect  upon  the  earth  and  subdue  it, 
rather  by  his  intellect  than  by  the  sweat  ot  his  brow^-when  the  curse  of 
ignorance  will  be  removed,  and  with  it  the  tremendous  punishment  that 
has  ever  attended  iL  Then  men  will  no  longer  enter  in  snoals  into  a  new 
state  of  existence  in  another  world,  as  utterly  ignorant  of  the  wonders  of 
creative  wisdom  in  this,  as  if  they  had  never  been  in  it,  and  had  not  pos- 
sessed faculties  expressly  adapted  to  study  and  enjoy  them. 

There  is  no  truth  in  the  observation  of  some  people,  that  all  discoveries 
of  importance  are  already  made ;  on  the  contrary,  the  era  of  scientific 
research  and  the  application  of  science  to  the  arts  may  be  considered  as 
but  commenced.  The  works  of  creation  will  forever  furnish  materials  for 
the  exercise  of  the  most  refined  intellects,  and  will  reward  their  labors 
with  a  perpetual'  succession  of  new  discoveries.  The  progress  which  has 
been  made  in  investigating  the  laws  that  govern  the  aqueous,  atmospheri- 
cal, mineral  and  vegetable  parts  of  creation,  is  but  a  prelude  to  what  is 
yet  to  be  done — it  is  but  the  clearing  of  the  threshold  preparatory  to  the 
portals  of  the  temple  of  science  being  thrown  open  to  the  world  at  large. 
There  is  no  proft^ssion  however  maturedf  no  art  however  advanced,  that 
is  not  capable  of  further  improvement ;  or  that,  so  far  as  we  can  tell,  will 
not  always  be  capable  of  it.  If  an  art  be  carried  to  the  utmost  perfection 
it  is  capable  of  in  one  age,  discoveries  in  others  will  in  time  be  made,  by 
means  of  which  it  will  be  still  further  advanced  ;  for  every  improvement 
in  one  has  an  effect,  more  or  less  direct^  on  every  other. 

The  benefits  already  derived  from  steam,  then,  are  but  as  a  dn>p  to 
the  ocean  when  compared  with  thoae  that  posterity  will  realise ;  for  if 
such  great  things  have  been  accomplished  by  it  in  one  century,  what  may 
not  be  expected  in  another  ?  and  another  1  It  has  been  calculated  that 
two  hundred  men,  with  machinery  moved  by  steam,  now  manufacture  as 
much  cotton  as  would  require  twenty  millions  of  persons  without  ma- 
chines; that  is,  one  man  by  the  application  of  inorganic  motive  agents  can 
now  produce  the  same  amount  of  work  that  formerly  required  one  hun- 
dred thousand  men.  The  annual  product  of  machinery  in  Great  Britain, 
a  mere  spot  on  the  earth,  would  require  the  physical  energies  of  one  half 
the  inhabitants  of  the  globe,  or  four  hundrea  millions  of  men  :  and  the 
various  applications  of  steam  in  different  parts  of  the  world  now  produce 
an  amount  of  useful  labor,  which  if  performed  by  manual  strength  would 
require  the  incessant  exertions  of  every  human  being.  Hence  this  great 
amount  of  labor  is  so  much  gained,  since  it  is  the  result  of  inorganised 
forces,  and  consequently  contributes  so  much  to  the  sum  of  human  happi* 
oess.     Now  if  such  results  have  been  brought  about  so  quickly  and  by 
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tteam  alone,  what  may  not  be  expected  from  it,  and  other  aeriform  fluids, 
in  ages  to  come,  when  the  progressive  improvement  of  every  art  and 
every  science  shall  have  brought  to  light  not  only  other  agents  of  the  kind, 
but  more  efficient  means  of  employing  them  ]  There  is  no  end  to  the 
beneficial  applications  of  the  gases  as  motive  agents,  and  no  limits  to  the 
power  to  be  derived  from  them.  As  long  as  ram  falls  or  rivers  flow — 
while  trees  (for  fuel)  grow,  or  mineral  coal  is  found,  man  can  thus  wield 
a  power  that  renders  him  almost  omnipotent. 

The  quesdon  may  be  asked,  why  was  not  the  elastic  force  of  steam 
earlier  used  as  a  source  of  motive  powei*  1  Because,  as  we  observed  be- 
fore, men  neglected  to  employ  those  powers  of  reflection  and  invention 
which  God  had  given  them.  It  certainly  formed  no  part  of  the  Creator's 
plan  of  governing  the  world  that  they  should  have  so  long  remained  ig- 
norant of  its  application.  He  has  placed  man  at  the  head  of  creation  and 
furnished  him  with  powers  appropriate  to  his  position.  Every  object  in 
nature  he  can  use  for  good  or  for  evil.  They  are  the  materials  from 
which  he  may,  as  an  expert  machinist,  fabricate  at  will  all  that  hia  wants 
require :  he  may  prostitute  them  to  the  miseries  of  himself  and  his  fel- 
lows ;  or  he  may  neglect  them  to  the  injury  of  all.  It  is  the  order  of 
nature  that  her  latent  resources  shall  be  discovered  and  applied  by  dUigeni 
research.  Hence  some  of  the  finest  specimens  of  th^  Creator's  wisdom 
can  only  be  appreciated  after  careful  study,  a  fact  which  is  itself  a  proof 
of  his  wisdom  and  beneficence,  since  their  realization  is  thus  held  out 
as  an  inducement  to  investigate  them. 

Steam  has  of  course  been  noticed  ever  since  the  heating  of  water  and 
boiling  of  victuals  were  practiced.  The  daily  occurrence  implied  by  the 
expression  "  the  pot  boils  over"  was  as  common  in  antediluvian  as  in  mo- 
dern times  ;  and  hot  water  thus  raised  was  one  of  the  earliest  observed 
&cts  connected  with  the  evolution  of  vapor.  From  allusions  in  the  most 
ancient  writings,  we  may  gather  that  the  phenomena  exhibited  by  steam 
were  closely  observed  of  old.  Thus  Job  in  describing  Leviathan  ulludes 
to  the  pufls  or  volumes  that  issue  fr6m  under  the  covers  of  boiling  vessels. 
"  By  his  neesings  a  light  doth  shine,  and  his  eyes  are  like  the  eyelids  of 
the  morning  ;  out  of  his  nostrils  goeth  smoke  [steam]  as  out  of  a  seething 
pot  or  cauldron."  In  the  early  use  of  the  vessels  last  named,  and  before 
experience  had  rendered  the  management  of  them  easy  and  safe,  females 
would  naturally  endeavour  to  prevent  the  savory  contents  of  their  pots 
from  flying  ofl*  in  vapor ;  hence  attempts  to  confine  it  by  covers ;  and 
when  these  did  not  fit  sufficiently  close,  a  cloth  or  some  similar  substance 
interposed  between  it  and  the  edge  of  the  vessel,  would  readily  occur ; 
and  a  stone  or  other  weight  placed  upon  the  top  to  keep  all  tight  would 
also  be  very  natural.  Then  as  the  fluid  began  again  to  escape,  further 
efforts  would  be  made  to  retain  it  by  additional  weights.  In  this  manner, 
doubtless  many  a  contest  was  kept  up  between  a  pot  and  its  owner,  till 
one  gained  the  victory  ;  and  we  need  not  the  testimony  of  historians  to 
determine  which  this  was.  In  those  times  it  was  not  generally  known 
that  a  boiling  cauldron  contained  a  spirit,  impatient  of  control — that  the 
vessel  was  the  generator  of  an  irresistible  power,  and  the  cover  a  safety- 
valve  ;  and  that  the  preservation  of  the  contents  and  the  security  of 
the  operator  depended  upon  letting  the  cover  alone,  or  not  overloading 
it : — hence  it  no  doubt  often  happened  that  the  confined  vapor  threw  out 
the  contents  with  violence,  and  then  it  was  that  primitive  cooks  began  to 
perceive  that  there  was  death  as  well  as  life  in  a  boiling  pot.  In  this 
manner,  we  suppose  females  were  the  first  experimenters  on  steam,  and 
the  earliest  witnesses  of  steam  boiler  explosions. 
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Tho  domefltie  exhibitions  of  the  force  of  steam  mast  have  excited  the 
■ttention  of  mecli&nicians  in  every  age,  nor  could  its  cacMB}>ilitie8  of  orep- 
eoraing  resistances  opposed  to  it,  have  escaped  them.  Thus  we  find  that 
experimenters  are  almost  always  said  to  have  derived  the  first  hint  from 
a  culinary  vessel :  hence  the  Marquis  of  Worcester,  according  to  a  timdi- 
tion,  had  his  attention  drawn  to  the  use  of  this  fluid  to  raise  water,  bj 
witnessing,  while  a  prisoner  in  the  Tower  of  London  the  lid  of  a  bdler 
thrown  on  by  the  vapor^-but  the  anecdote  is  of  much  older  date,  and 
was  applied  to  many  others  before  his  time  as  well  as  since.  Vitnivias 
illustrates  his  views  respecting  the  appearance  of  springs  on  mountains, 
by  a  cauldron  which,  he  says,  when  two  thirds  filled  with  water  and  heat- 
ed by  the  fire«  *'  communicates  the  heat  to  the  water;  and  this  on  account 
of  its  natural  porosity,  receiving  a  strong  inflation  from  the  heat,  not  only 
fills  the  vessel,  but  swelling  with  the  steam  and  rauing  ike  coffer,  over- 
flows," &c.  (Book  viii,  chap.  3.)  Such  occurrences  are  nature's  hints, 
by  attention  to  which  important  discoveries  have  always  been  made. 
Even  when  people  in  former  limes  were  injured  by  the  explosion  of  a 
cauldron,  the  ntisfortune  should  have  been  considered  as  an  tnditxUum  rf 
mature  to  employ  the  force  thus  developed-— and  also  as  a  punishment 
for  having  neglected  to  do  so.  Nay,  we  don't  see  why  such  occurrences 
may  not,  m  this  view  of  them,  be  considered  proofdentialf  as  well  as  simi- 
lar ones,  which  theological  writers  avail  themselves  o(  to  establish  a 
similar  doctrine. 

There  are  intimations  that  the  elastic  force  of  steam  was  employed  by 
several  people  of  antiquity,  but  the  details  of  its  applicadon  are  unibrtu* 
aately  not  known.  Some  relics  of  its  use,  as  well  as  that  of  heated  air, 
are  to  be  found  in  the  deceptions  practiced  by  the  heathen  priesthood.  Its 
application  for  similar  purposes  was  continued  till  comparatively  roodeni 
times,  for  it  was  the  animating  principle  in  the  eolipilic  idols  of  the  middle 
ages ;  and,  from  an  incidental  notice  of  some  expenments  of  a  Qreek  archi- 
tect, it  is  probable  that  the  trembling  of  the  earth,  and  other  horrors  expe 
rienced  by  those  who  were  initiated  into  the  greater  mysteries  of  ancient 
worship,  were  also  effected  by  steam.  Artificial  thunder,  lightning  from 
the  vapor  of  inflammable  liquids,  and  unearthly  music,  were  produced  by 
its  means.  Some  of  the  tricks  performed  by  the  Pythoness  and  her  co- 
adjutors at  Delphos  seemed  to  have  been  matured  by  it.  The  famous 
tripod  against  which  she  leaned  is  represented  as  a  braaen  vessel  from 
which  a  miraculous  vapor  arose.  Steam  was  one  of  the  agents  of  decep- 
tion in  trials  of  ordeal.  Those  persons  condemned  to  undergo  that  of 
boiling  water,  were  protected  by  the  priests  (when  it  was  their  interest 
or  inclination  to  do  so)  by  admitting  a  concealed  stream  of  steam  into  tho 
lower  part  of  the  cauldron  containing  tepid  water-^he  consequent  agita- 
tion of  the  liquid  and  the  ascent  of  the  vapor  that  escaped  condensation 
presented  to  the  ienorant  and  unsuspecting  beholders  every  appearance 
of  genuine  ebullition.  On  similar  occasions  air  was  forced  through  the 
liquid  in  the  dark  ages. 

Ancient  priests,  both  among  the  Jews  and  heathen,  were  from  ikmr 
ordinary  duties  necessarily  conversant  with  the  generation  of  steam.  Its 
elastic  force  could  not  therefore  escape  the  shrewd  observers  among  them. 
Sacrifices  were  frequently  boiled  in  huge  cauldrons,  several  of  which  were 
permanently  fixed  m  the  vicinity  of  temples—in  "  the  boiling  places"  as 
their  locations  are  named  by  Erekiel,  "  where  the  ministers  of  the  house 
•hall  boil  the  sacrifice  of  the  people.**  (See  an  example  from  Herodotus 
■t  page  200.)  It  would  seem  moreover  as  if  some  of  the  •  boilers  weiv 
made  on  the  principle  of  Pap'n's  Digester,  in  which  bones  were  softened 
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by  *  high  steam*— -at  any  rate  a  distinction  is  made  between  seethine  pota 
and  cauldrons,  and  from  the  manner  in  which  both  are  mentioned  they 
seem  to  have  been  designed  for  different  purposes  ;  the  former  to  seethe 
or  soften  bones,  the  latter  to  boil  the  flesh  in  only.  "  They  roasted  the 
passover'with  fire,  but  the  other  offerings  sod  they  in  pots  and  in  caof- 
drons."  (2  Chr.  chap,  xxxv,  13.)  "  Set  on  a  pot,  set  it  on,  and  also 
pour  water  into  it.  Gather  the  pieces  thereof  into  it,  even  every  good 
piece,  the  thigh  and  the  shoulder ;  fill  it  with  the  choice  hones.  Take 
the  choice  of  the  flock  and  burn  [or  heap]  also  the  bones  under  it,  and  make 
it  boil  tpell,  and  let  them  seefhe  the  homes  of  it  therein."  (Ezek.  xxiv.  3,  5.) 
The  opinion  of  the  Jews  having  close  vessels  in  which  steam  was  raised 
higher  than  in  common  cauldrons  is  aUo  rendered  probable  from  the  fact 
that  the  Chinese,  a  contemporary  people,  employ  similar  ones,  and  which 
from  their  tenacity  to  ancient  devices  have  probably  been  used  by  them 
from  times  anterior  to  tho^e  of  the  prophet.  (Davis'  Chinese,  li,  271. 
John  Bell's  Travels,  i,  296  and  ii,  13.) 

Similar  processes  have  l»een  common  with  chemists  in  all  ages,  in  the 
making  of  extracts,  and  sonnetimes  in  preparing  food.  There  is  an  ex- 
ample in  Porta's  Natural  Magic.  He  tells  us  (in  the  xiii  chap,  on  distil- 
lation) that  he  has  restored  persons  at  the  point  of  death  to  health  by  '*  an 
essence  extracted  out  of  fiesh."  He  directs  three  capons  to  be  dressed 
and  boiled  *'  a  whole  day  in  a  glass  vessel  close  stopt,  until  the  bones  and 
flesh  and  all  the  substance  be  dissolved  into  liquor." 

Some  of  the  ancient  philosophers,  who  were  close  observers  of  nature, 
compared  the  earth  to  a  cauldron,  in  which  water  is  heated  by  internal 
fires ;  and  they  explained  the  phemonena  of  earthquakes  by  the  accumu* 
lation  of  steam  in  subterraneous  caverns,  until  its  elastic  energy  rends  the 
saperincumbent  strata  for  a  vent.  Vitruvius  explains  by  it  the  existence 
of  boiling  springs.  In  the  reign  of  Justinian,  Anthemius,  an  architect  and 
mathematician  illustrated  several  natural  phenomena  by  it;  but  of  this  we 
should  probably  never  have  heard,  had  it  not  been  for  a  quarrel  between 
him  and  his  next  door  neighbor,  7eno,  the  rhetorician.  This  orator 
appears  to  have  inherited  a  considerable  share  of  credulity  and  supersti- 
tion, which  gave  his  antagonist  the  advantage.  Anthemius,  we  are  in- 
formed, had  several  steam  boilers  in  the  lower  part  of  his  house,  from 
each  of  which  a  pipe  conveyed  the  vapor  above,  and  by  some  mechanism, 
of  which  no  account  has  been  preserved,  he  shook  the  house  of  his  enemy 
as  by  a  real  earthquake,  upon  which  the  frightened  Zeno  rushed  to  the 
senate  *'  and  declared  in  a  tragic  style  that  a  mere  mortal  must  yield  to 
the  power  of  an  antagonist  who  shook  the  earth  with  the  trident  of 
Neptune." 

There  are  reasons  for  believing  that  the  expansive  force  of  the  steam 
ivhich  was  evolved  in  heating  the  immense  volumes  of  water  for  the  hot 
baths  at  Rome,  was  employea  to  elevate  and  discharge  the  contents  of  the 
boilers.  Sir  W.  Gell  has  given,  in  his  Pompeiana,  a  representation  of  a 
eet  of  cauldrons  belonging  to  the  ThermsB,  at  Pompeii,  derived  from  im- 
pressions lefl  in  the  mortar  or  cement  in  which  they  were  embedded.  It 
"Would  seem  that  several  series  or  sets  were  used,  each  consisting  of  three 
tiose  boilers  (in  shape  not  unlike  modem  stills,)  placed  directly  upon,  and 
connected  by  pipes  to  each  other.  The  manner  in  which  they  were  con- 
nected is  not  known;  Gell  says  by  a  species  of  siphon.  The  lowest 
boiler  was  the  largest  and  was  placed  directly  over  the  furnace;  and  the 
arrangement  was  such,  that  when  any  part  of  the  boiling  liquid  was  with- 
drawn, an  equal  quantity,  already  warmed,  entered  from  the  next  boiler 
abova,  which  at  the  same  time  derived  a  supply  from  the  uppermost  one 
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thu  last  bein^  almvi  kept  Gllad  by  a  pipe  rrom  the  aqneduct  or  «Mtel- 
lum.  Remain!  of  the  pipes,  cocks,  copper  flues,  &c.  have  been  roand  in 
abundance,  but  the  deuils  of  the  heating  apparatui  and  those  eonnecMd 
with  the  elevation  and  diitribulion  of  the  liquid  have  not  been  asoer> 
Gained ;  this  is  to  bp  regretted  because,  from  the  number  and  OMgniluda 
of  the  hot  baths  at  Rome,  the  operalioQB  of  boiling  and  di8|)ersing  the 
water  must  have  been  concluded  oa  a  sc^e  far  more  exienaive  than  any 
thing  in  modem  timet — the  most  extensive  breweries  and  disiillerics 
not  excepted.  Some  idea  of  the  operations  may  be  derived  from  [he  fact 
that  a  single  establishment  could  accommodate  two  thousand  persons  with 
warm,  or  rather  hot,  baths  at  the  same  time.  Seneca,  in  a  letter  lo  Luci- 
Uus,  says  "  there  is  7)o  difference  between  the  heat  of  the  baths  and  a 
'  hoiUng/ttmace  ;"  and  it  would,  he  observes,  appear  lo  a  reasonable  man 
aa  a  sufRcient  punishment  to  wash  a  condemned  criminal  in  them.  The 
persons  who  had  the  charge  of  healing  in  close  vesaets  and  distributing 
duly  such  large  quantities  of  water,  muitl  necessarily  have  been  conver 
sant  with  the  mechanical  properties  of  steskm,  and  with  economical  mode* 
of  generating  11  Income  cases  the  water  was  heated  by  passing  through 
a  coiled  copper  tube,  like  a  distiller's  worm,  which  was  embedded  in  Ere. 
We  have  previously  remarked  that  the  Romans  also  heated  water  by 
making  it  pass  through  the  hollow  grates  of  a  furnace.  (See  Pompeii. 
vol.  i,  196,  and  Qell's  Pompeiana.) 

'  Besides  the  various  applications  of  heated  air  and  of  vapor  already 
noticed,  there  is  in  problem  XLV  of  Heron's  Spintalia,  a  description  of 
ft  close  boiler,  from  the  upper  part  of  which  a  current  issues  that  supports 
at  tome  distance  above  the  boiler  a  light  ball  like  those  that  are  made  to 
play  on  jets  of  water.  (See  the  aimexed  figure,  No.  179.)  The  whir- 
'ing  eolipile.  No.  180,  is  the  subject  of  problem  L — and  is  the  earliest 
^presentation  of  a  machine  moved  by  steam  that  is  extant.  It  consists 
of  a  small  hallow  sphere,  from 
which  twii  short  tubes  proceed 
in  the  line  of  its  axis,  a*td  whose 
ends  are  bent  in  opposite  direc- 
tions. The  sphere  is  suspend- 
ed between  two  columns,  their 
upper  ends  being  pointed  and 
bent  towards  ea«h  other.  Ooe 
of  these  columtiswaK  hollow  and 
ooaveyed  steam  from  the  boiler 
into  the  sphere,  and  the  escape 
of  the  vapor  from  the  small 
tubes  by  its  reaction  imparted  a 
revolving  motion  to  the  sphere. 
These  two  applications  of  steam 
have  been  considered  the  result 
_    ,.,.  H   ,Mi  of  a  fortunate  random  thought, 

which  Heron,  or  some  other  old 
mechanic,  stumbled  on  by  a  species  of  chance  medley,  whereas  they  de> 
tainly  indicate  an  intimate  though  it  may  be  a  limited  acquaintance  with 
ihn  inechanieal  properties  of  that  fluid.  Wr  should  never  suppose  that 
this  elegant  application  of  the  jet  to  sustain  a.  ball  in  the  air  was  the  fruit 
of  a  first  attempt  to  use  steam,  much  less  that  the  complex  movement  of 
the  whirling  eolipile  waa  another  thought  of  the  moment.  Did  acy 
modem  experimenter  in  hydraulics  ever  hit  upon  the  susponsion  of  a  hA 
by  a  jet  of  water  in  his  first  essays,  or  devise  Barker's  mill  at  a  silting 
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without  having  ever  heard  of  either  t  No  more  than  any  old  mechanician 
ever  invented  the  above  before  experimental  researches  on  steam  had  be- 
came familiar  to  him,  if  not  to  his  contemporaries.  Besides,  there  have 
been  within  tha  last  half  century  not  less  than  half  a  dozen  ptUeyUs  taken 
out  for  rotary  steam  engines  identical  in  principle  with  the  whirling 
eolipile.  The  fact  seems  to  be  that  Heron  selected  the  two  devices 
above,  o\\  the  same  principle  as  the  rest  of  the  illustrations,  i.  e.  such  as 
in  his  judgment  would  be  the  most  interesting.* 

From  a  remark  of  Vitruvius  in  the  first  book  of  his  Architecture,  chap.  6, 
we  learn  that  those  portable  steam  machines  named  Kohjnles,  (from  Eolus 
the  god  of  wind,  and  their  application  to  create  artificial  winds)  were  in 
common  use  in  his  time.    Sp>eaking  of  the  town  of  Mytilene,  he  observes 
that  the  inhabitants  were  subject  to  colds,  in  those  seasons  when  cer- 
tain winds  blew ;  and  which  might  have  been  in  some  degree  avoided 
by  a  more  proper  disposition  of  the  streets.     "  Wind,  [he  remai'ks]  is  only 
a  current  of  air,  flowing  with  uncertain  motion ;— >it  arises  from  the  action 
of  heat  upon  moisture — the  violence  of  the  heat  forcing  out  the  blasts  of 
air.     That  this  is  the  fact,  t?ie  brass  eolipiles  make  evident  ;^for  the  op- 
erations of  the  heavens  and  nature  may  be  discovered   by  the  action  of 
artificial  machines.     These  brass  eoHpUes  are  hollow  and  have  a  very  nar- 
row  aperture,  by  which  they  areJiUed  with  water,  and  then  placed  on  tJie 
fire  : — before  they  become  hot^  they  emit  no  effluvia,  but  as  soon  as  the  toater 
begins  to  boil,  they  send  forth  a  vehement  blasts     As  these  instruments 
bave  been  adapted  to  a  great  variety  of  purposes,  xt&  well  as  being  inti- 
mately connected  with  this  part  of  our  subject,  we  shall  notice  them  with 
Bome  detail.     From  the  times  of  Vitruvius  to  those  of  Des  Carres,  and  up 
to  the  present  century,  they  have  been  used  as  philosophical  instruments 
to  illustrate  the  nature  of  winds  and  meteors,  as  w-ell  as  for  other  scien- 
tific pursuits.     They  were  used  as  substitutes  for  bellows  in  blast  furna- 
ces and  ordinary  fires.     The  draft  of  chimneys  was  increased   by  means 
of  them.     They  were  made  to  produce  music  and  disperse   perfumes. 
They  constituted  the  distilling  vessels  of  the  alchy mists,  and  in  another 
form  were  employed  as  weapons  of  war,  and   were  even   deified  ib  the 
jtenm  t/ic^JT  of  old.     They  were  the  first  instruments  employed   to  .aise 
"water  by  steam,  and  the  first  to  produce  motion  by  it ;  and  hence  they 
constitute  the  germ  of  modern  steam  engines,  to  which  we  may  ado  that- 
they  led  to  the  invention  of  steam  guns.     (See  Martin's  Philosopny,  voL 
tiy  90.)     I'hey  are  commonly  made  of  iron,  brass,  or  strong  copper,  hav- 
ing a  short  neck  in  which  a  very  minute  opening  is  made.     In  order  to 
chare^e  one  with  water  (or  other  liquid)  it  is  placed  on  a  fire  until  nearly 
red  hot ;  it  is  then  taken  off,  and  the  neck  placed  in  water  or  the  whole 
plunged  in  it,  which,  as  the  vessel  cools,  takes  the  place  of  the  air  driven 
out  by  the  heat.     It  is  then  placed  on  a  brasier  of  charcoal  or  other  fire 
until  steam  is  rapidly  evolved  and  discharged  with  violence  at  the  orifice. 

Vitruvius  has  not  mentioned  the  particular  purposes  for  whicn  eolipiles 
were  used  by  the  Romans.  It  is  however  known  that  they  -were  em- 
ployed as  bellows  for  exciting  fires ;'  and  as  this  was  not  for  want  of  the 
latter  instruments,  they  must  have  had  properties  which  rendered  them 

*  Balls  dancing  on  jets  of  water  and  atr,  were  a  favorite  accompaniment  of  the  old 
canJen  water  works,  and  hydraulic  organs,  dtc  of  Italy,  where  the  device  has  probahly 
been  in  use  since  the  times  of  the  Republic :  the  amusement  of  ohildreu  with  peas  on 
tlie  euds  of  tobacco  pipes  or  reeds  is  in  imitation  of  it :  the  current  of  air  blown 
through  the  perpendicular  tube  keeps  the  tiny  globe  some  inches  above  the  orifice 
where  its  motions,  varying  v'th  the  force  of  the  current,  produce  a  very  af  reeaMe 
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piererable,  oi 
pying  little  n 

to  keep  up  the  blait.  It  has  slready  been  observed  (page  237-8,)  that 
human  bellowi-blowen  formed  part  of  the  iarg«  domestic  eatablishmeDt* 
in  ancient  Egypt,  and  Noa.  103  and  104  of  our  illustrslions  represent 
fonie  at  work  in  one  of  the  kitchens  of  the  Pharaohs.  The  practice  was 
probably  common  among  all  the  celebraicd  natinus  of  old,  and  we  know 
that  it  was  continued  in  Europe  till  the  sixteenth  century  if  not  later. 
To  supersede  these  workmen  might  therefore  have  been  one  reason  for 
the  employment  of  eolipiles. 

In  a  Latin  collection  of  "  Ernhf an*  human  and  divitu,"  (Prague,  1601,) 
there  is  a  device  of  one  of  the  old  Ootiiits  of  Hspsburg,  which  consists 
of  a  blowing  eolipile  with  a  slrpam  of  vapor  issuing  from  it,  and  the 
motto  Ltenu  Jviio.  (Vol.  ii,  372.)  I'he  same  device  is  also  given  in  a 
treatise  on  Hrrmc  Si/mM-t,  Antwerp,  1634.  Hence  this  ancient  domes- 
tic instrument  was  adopted  on  such  occBsions  as  well  as  the  bellows, 
syringe,  watering  pot,  &c. 

Rivius  in  commenting  on  the  eolipiles  mentioned  by  Vitruvius  describes 
those  in  use  in  his  own  time,  (A.  D.  1548.)  and  gives  several  figures,  from 
which  we  hav«  selected  the  first  thr«e  of  ibe  following  aikes. 


Rivius  names  them  "  wind  holder*"  and  "  fire  blowers."  He  says  they 
were  made  in  various  shapes  and  of  diRerent  materials,  and  were  used 
"to  blow  the  fire  like  a  pair  of  bellows."  Some,  designed  for  other  puP' 
poses,  that  will  presently  bo  mentioned,  were  made  ofgold  or  ulver  and 
richly  ornamented,  as  represented  above.  At  a  subsequent  period  of  the 
wxteenth  century.  Cardan  gave  a  figure  of  one.  (See  No.  134.)  Pludd, 
Porta  and  other  old  writers  also  describe  them.  The  latter,  in  book  m, 
chap.  3,  of  his  Natural  Magic,  speaks  of  them  as  used  in  hauses  to  blow 
fire*.  Sir  Hugh  Platte,  in  1>'>94,  published  a  figure  and  description  of 
"  a  rounde  ball  of  copper,  or  latton  [brass]  that  blows  the  fyre  verie 
■tronglie  by  the  attenuation  of  the  water  into  ayre." 

Bishop  wilkins,  in  his  Mathematical  Magic,  (published  in  1648)  speaks 
of  eoiipiles  as  then  common.  They  are  made,  he  observes,  "  of  some 
such  material  as  may  endure  the  fire,  having  a  small  hole,  at  which  tiej 
are  filled  with  water,  and  out  of  which  (when  the  vessels  are  healed)  the 
mir  doth  issue  forth  with  a  strong  and  lasting  violence.  These  are /ire- 
ptendy  used  for  the  exciting  and  contracting  of  heat  m  tie  fuiiiag  »f 
fiatiew  or  Metal*.  They  may  also  be  contrived  to  be  serviceable  for  sun- 
dry other  pleasant  uses,  is  for  the  moving  of  sails  in  a  chimney  comff, 
the  motion  of  which  sails  may  be  applied  lo  the  turmug  of  a  spit,  or  the 
like."  (Book  ii,  chap.  1.)  Kircher  has  given  a  fi^re  of  an  eolipile 
turning  a  joint  of  meat,  (<is  indicated  by  the  Bishop)  to  the  first  voloioe 
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of  kis  Mundtu  Sub/frraneiu,  page  203.)     Wc  do  rot  remembet  to  have 

met  widi  a  figum  of  an  eolipile  applied  to  the   fusing  of  gloss  or   metal, 

except  in  the  jlw/a  Subterraxea  of  Lazarus  Erckera  {or  Erckem)  on  Me 

tallurgy.  published  in  German,  in  1672,  and  which,  hke  thai  of"  Agricola, 

ia  illustrated  with  numerous  cuts.      The  author  was  superintendent  of  the 

mines  of  Hungary,  Oermaiiy,  and  the  Tyrol,  under  three  Emperors,  and 

his  work  is  said  to  contain   every   thing  necessary   to  be   known   in   the 

Kseaving  of  metali.      Thi?  aonexed  figure  is  copied  from   the  fifth  edition, 

(with  notes)  published  at  Frankfort  on 

the  Mayn,  in  1736.     It  is  named  Eine 

tupffeme  kugd  darinit  icaiter   itl,  wird 

uiert/euer  getekt,  wnd  an  ttaCt  Einet 

bla»-balgt  gekraacIU,  and  is  represented 

aa  smelting  copper  ore  in  a  cupelo  fur- 

Erckers  has  Rgured  it  twice—  - 


I8ge< 


1  and  136. 


t  a  little  singular  that  this 
mode  of  increasing  th«  intenmy  of 
fires  by  a  jet  of  steam  directed  into  the 
burning  fuel  has  recently  been  patent- 
ed both  in  this  country  and  Europe. 
It  does  not  however  appear  to  hava 
answered  the  expectations  formed  of 
it,  since  it  has  never  come  into  general 

RS.I8S.  B»1Di.>«r.^Uitl»bU«oru  present  employed  at  all.  Two  obiri 
oui  discrepancies  between  ancient  and 
modem  applications  of  steam  for  such  purposes  may  here  be  noticed,  since 
they  will,  we  think,  account  for  the  fiiilure  of  the  latter :  one  is  in  the 
nature  of  the  fuel — the  other  in  the  temperature  of  the  blast.  In  the  old 
eolipilcs,  the  steam,  having  but  a  very  minute  passage  through  which  to 
escape,  was  raised  to  a  temperature  which  far  exceeded  that  which  is 
generated  in  ordinary  steam  engine  boilers — the  vapor  was  perfectly  in- 
visible, and  its  escape  only  known  by  the  sound  of  the  blast,  and  its  effect 
on  tiic  fire.  But  in  late  experiments  the  current  consisted  of  steam  loaded 
with  moisture^a  mass  of  aqueous  globules  poured  into  the  fire,  instead  of 
the  rarefied  and  glowing  iaira  that  rushed  m  ith  such  impetuous  velocity 
from  eolipiles.  The  powerful  effect  of  the  latter  on  fires  of  wood  and 
charcoal  is  unquestionable,  but  the  results  of  similar  blasts  on  other  kindi 
of  fuel  (as  stone  coal)  has  not  yet  we  believe  been  aufhciently  ascertained. 
Another  difference  consisted  in  the  dimensions  of  the  volumes  of  the 
blasts  : — the  one  from  the  eolipile  was  small  and  compact — that  of  the 
Other  large  and  diffuse,  a  circumstance  that  may  account  still  further  for 
the  different  results;  for  it  should  be  remembered  that  in  using  an  eolipile 
it  is  not  the  jet  of  steam  alone  that  is  impelled  against  the  burning  luel, 
but  a  volume  of  atmospheric  air  is  set  in  motion  by  the  blast  and  carrieil 
into  the  fire  along  with  it  :  the  same  thing  takes  place  in  using  a  common 
bellows,  more  air  being  forced  against  the  fire  than  what  issues  from  the 
nozzle  ;  and  hence  as  the  velocity  of  the  jet  from  an  eolipile  was  much 
greater  and  the  jet  itself  smaller  than  those  of  modem  applications  of 
•team  for  the  same  purpose,  a  much  larger  proportiou  of  air  was  also 
borne  alon^  with  it-  It  n  prol.ihle  that  on  particular  occasions  the  an- 
cients filled  theiii  with  oil  or  spirituous  liquors  instead  of  water,  in  order 
topiomotB  a  more  rapid  combustion. 

The  idea  if  increasing  the  heat  of  fires  by  water  ii  vei^  old>     Pliny 
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■ays  that  charcoal  which  has  been  wetted  gires  out  more  heat  than  that 
which  18  always  kept  dry.  (Nat.  Hist.  B.  xxxiii,  cap.  5.)  Dr.  Fryer 
speaks  of  **  water  cast  on  sea  coal"  rendering  the  heat  more  intense. 
(Travels.  Lon.  1698,  p.  290.) 

If  there  was  no  evidence  that  eolipiles  had  been  moulded  into  various 
shapes  of  men,  animals,  &c.  we  might  have  concluded  that  such  was  the 
fact  from  what  is  known  of  the  practice  of  the  ^ncients.  Whenever  the 
design,  action  or  movement  of  a  machine  or  implement  corresponded  at 
all  with  those  of  men,  it  was  sure  to  resemble  them  in  form,  if  its  use  could 
possibly  admit  of  it.  The  taste  for  such  things  was  universal  in  former 
times,  and  is  to  a  certain  extent  indulged  in  all  times.  It  seems  inhe- 
rent in  savage  people ;  hence  their  grotesque  and  monstrous  statues  or  idols, 
speaking  heads  and  other  androidii  of  the  old  mechanics.  There  has  in 
fact  always  been  a  predominating  disposition  to  imitate  the  human  form; 
and  in  accordance  with  it,  eolipiles  were  made  to  assume  the  figures  of 
men,  boys.  Sec,  the  blast  escaping  from  the  eyes,  mouth,  or  other  parts  of 
the  figure.  Even  so  late  as  tne  seventeenth  century  we  are  told  that  "to 
render  eolipiles  more  agreeable^  they  commonly  make  them  in  the  form 
of  a  head,  with  a  hole  at  the  mouth."  (Ozanam's  Mathematical  and  Pky- 
iical  Rccreaf.ioii4,  English  translation,  London,  1708,  419.)  It  was  in- 
deed natural  that  these  machines  should  be  made  to  resemble  figures  of 
the  god  from  whom  they  were  named.  An  old  one  is  described  in  the 
Encyclopedia  of  Antiquities  as  '*  made  in  the  shape  of  a  short  &t  man 
witli  very  slender  arms,  in  a  curious  wig,  cheeks  extremely  swollen,  a 
hole  behmd  for  filling  it,  and  a  small  one  at  the  mouth  for  the  blast." 

Most  readers  are  aware  that  tewttreM  by  which  lands  were  held  in  the 
middle  ages  were  often  based  on  the  most  trifling  and  ridiculous  consi- 
derations. Camden  has  noticed  a  great  number  in  his  Brittannia,  and  in 
the  description  of  the  county  of  SuflTolk,  there  is  one  which  seems  to  have 
had  reference  to  the  employment  of  an  eolipile ;  but  whether  it  had  or  not, 
there  is  in  Dr.  Plott*s  History  of  Shropshire  an  account  of  one  of  these 
**  merry  tenures"  in  which  blowing  the  fire  with  an  eolipile  formed  part 
of  the  duty  required.  The  instrument  was  of  the  human  form  and  de- 
signated, like  many  other  domestic  utensils,  by  the  soubriquet  "Jack** 
*'  J  ack  of  Hilton,  a  little  hollow  ima^e  of  brass,  about  twelve  inches  high« 
with  his  right  hand  on  his  head  and  his  left  on  pego,"  hlaws  tkefirt  in 
Hilton-hall  every  new  year's  day,  while  the  Lord  of  Essington  drives  a 
eoose  three  times  round  it,  before  it  is  to  be  roasted  and  eaten  by  the 
Lord  of  Hilton  or  his  deputy.  In  some  accounts  it  is  stated  that  the 
image  blew  the  fire  while  the  goose  was  roasting,  which  is  more  proba 
ble  than  the  other.  The  custom  is  supposed  to  have  been  continued  at 
Hilton-hall  from  the  tenth  or  eleventh  to  the  seventeenth  century.  This 
image  is  considered  by  some  writers  as  an  ancient  idol. 

From  the  above  use  of  eolipiles  it  will  be  perceived  that  there  is  a 
similar  analogy  between  them  and  machines  to  raise  water  by  steam,  as 
between  pum}^^  and  bellows ;  every  device  for  blowing  a  fire  haviuf^  ueen 
Vised  to  raise  liquids. 

It  will  readily  be  imagined  that  these  blowing  images  offered  too  many 
advantages  to  escape  being  pressed  into  the  secret  services  of  the  temples, 
even  supposing  they  did  not  originate  in  them.  By  charsing  the  interior 
with  diflbrent  fiu'ds  the  results  could  be  varied  according  to  circum- 
stances, and  if  an  inflammable  linuid  was  employed,  as  oil,  spirits  of  wine, 
turpentine,  &c.  &c.  streams  and  flashes  of  fire  could  be  made  to  shoot 
from  any  or  every  part  of  the  figure.  Enough  is  known  to  convince  as 
that  such  things  were  often  done.     Notwithstanding  all  the  care  of  the 
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old  priests  to  conceal,  and  wlien  concealment  was  impracticable  to  det^ 
troy  their  apparatus,  some  specimens  of  their  machinery  have  come  down. 
In  the  fifteenth  or  early  part  of  the  sixteenth  century,  an  eolipilic  idol  of 
the  ancient  Grermans  was  found  in  making  some  excavations,  and  is  we 
believe  still  extant.  A  figure  of  it  is  inserted  in  the  second  volume  of 
Montfaucon's  Antiquities.  It  is  made  ot  a  peculiar  species  of  bronze  and 
IS  between  three  and  four  feet  in  height,  and  the  body  two  and  a  half  in 
circumference.  Its  appearance  is  very  uncouth.  It  is  without  drapery, 
with  one  knee  on  the  ground,  the  right  hand  on  the  head,  and  the  left, 
which  is  broken  off,  rested  upon  the  thigh.  The  cavity  for  the  liquid 
holds  about  seven  gallons,  and  there  are  two  openings  for  the  escape  of 
die  vapor,  one  at  the  mouth  and  the  other  in  the  forehead.  These 
openings  were  stopped  with  plugs  of  wood,  and  the  priests  had  secret 
means  of  applying  the  fire.  It  appears  from  Weber  and  other  German 
writers  on  the  subject  that  this  idol  was  made  to  express  various  passions 
of  the  deity  it  represented,  with  a  view  to  extort  offerings  and  sacrifi- 
ces from  the  deluded  worshippers ;  and  that  the  liquid  was  inflammable. 
When  the  demands*of  the  pnest^  were  not  complied  with,  the  ire  of  the  god 
was  expressed  by  sweat  (steam)  oozing  from  all  parts  of  his  body  ;  and 
if  the  people  still  ren^iined  obdurate,  his  fury  became  terrible  :  murmurs, 
bellowings,  and  even  thunderbolts  (the  wooden  plugs)  burst  from  him ; 
flashes  or  streams  of  fire  rushed  from  his  mouth  and  head,  and  presently 
he  was  enveloped  in  clouds  of  smoke;  when  the  people,  horror  stricken, 
consented  to  comply  with  th«*  requisitions.  It  is  very  evident  from  the 
accounts  that  the  priests  had  the  means  of  rapidly  increasing  or  diminish- 
ing the  intensity,  of  the  fire,  as  the  disposition  of  the  worshippers  required 
the  idol  to  express  approbation  or  displeasure.  It  further  appears  that  the 
monks  in  the  middle  ages  made  use  of  this  idol,  and  found  it  not  the  least 
effectual  of  their  wonder-working  machines.  .  It  was  in  fact  in  this  man- 
ner chiefly  that  the  great  body  of  ecclesiastics  then  maintained  their  in- 
fluence over  the  multitude.  The  very  same  devices  which  their  prede« 
cessors  had  found  effectual  in  the  temples  of  Osiris,  Ceres,  and  Bacchus, 
were  repeated  ;  and  such  images  of  the  heathen  gods  and  goddesses  as 
had  escaped  destruction  were  converted  into  those  of  Christian  saints, 
and  being  repaired  were  mad«  to  perform  the  same  miracles  which  they 
had  done  before  in  pagan  Greece  and  Rome.  Monks,  as  we  have  before 
.  observed,  were  then  the  most  expert  mechanicians,  and  some  of  their 
most  elaborate  productions  were  imitations  of  ancient  androidii— and 
the  speaking  heads  of  Bacon,  Robert  of  Lincoln,  Gerbert  and  Albertus, 
were  considered  proofs  of  an  intercourse  subsisting  between  their  owners 
and  spirits,  as  much  so  as  ia  the  cases  of  Orpheus  and  Odin,  and  other 
magicians  of  old. 

The  name  of  the  German  idol  is  written  differently  :  Puster,  Fluster, 
Plusterich,  Buestard,  Busterich,  are  all  names  given  to  it  and  the  deity  it 
represents.  The  name  is  said  to  be  derived  from  the  Saxon  verb  pusten^ 
to  blow — or  puster,  a  bellows  :  this  shows  its  connection  with  the  eolipile 
as  a  "  fire  blower ;  and  it  is  probable  that  from  these  eolipilic  idols  the 
term  JBolist,  "  a  pretender  to  inspiration,"  is  derived.  (See  Dictionary 
Trevoux.  Art.  Puster.)  This  ancient  steam  idol  was,  A.  D.  1546,  placed 
for  safe  keeping  in  the  fortress  of  Sunderhausen,  where  it  remaineoi  dur* 
ing  the  last  century. 

How  singular  that  steam  should  have  been  among  the  motive  agents 
of  the  most  ancient  idols  of  Egypt  (as  the  Statue  of  Memnon  and  others) 
and  in  some  of  tHe  deified  images  of  Europe  1  That  it  should  formerly 
have  been  employed  with  tremendous  e^ect  to  delude  men,  to  lock  them 
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in  ignorance  ;  while  it  now  contributes  so  largely  to  enlighten  and  benefit 
mankind.  These  instances  of  early  applications  o£  steam  make  ns  regret 
ihat  detailed  descriptions  of  the  various  apparatus  have  not  been  preserved. 
Many  ingenious  devices  were  evidently  employed,  and  although  we  con- 
demn the  contrivers  of  such  as  were  lued  tor  purposes  of  delusion,  we 
fliannot  but  admire  the  ingenuity  which  even  these  men  displayed,  in  ex- 
hibiting before  a  barbarous  people  their  gods  in  the  most  imposing  man- 
ner and  with  such  terrific  effect— in  makmg  idols  express  by  means  of 
steam  approbation  and  anger  with  the  voice  of  thunder  or  the  hissing 
of  dragons,  and  causing  them  to  appear  and  disappear  in  clouds  of  smoke 
and  sheets  of  flame. 

It  is  probable  from  the  antiquity  of  these  idols  and  of  eolipiles  that 
allusions  to  both  might  be  found  in  the  Bible.  May  not  such  expressions 
as  '*  the  blast  of  his  mouth,"  '*  the  blast  of  the  terrible  ones,"  "  the  blast 
of  his  nostrils,"  &c.  have  reference  to  eolipiles  or  steam  idols  of  old  I 
**  Their  molten  images  [says  Isaiah]  are  wind  and  confusion."  Hospita- 
bly receiving  a  traveler  into  the  house  during  a  storm,  and  protecting 
him  from  the  inconvenient  heat  of  the  fire  when  urged  by  an  eohpile,inajf 
be  alluded  to  by  the  same  prophet  in  the  following  passage :  "  Thou  hast 
been  a  strength  to  the  poor,  a  strength  to  the  needy  in  his  distress,  a  re- 
fuge from  the  storm,  a  shadow  from  the  heat  when  the  blast  of  the  terrible 
ones  is  as  a  storm  against  the  walls."  The  expression  '  terrible  ones,' 
probably  referring  to  the  hideous Jorms  into  whicn  we  have  already  seen 
those  blowing  instruments  were  moulded.  Eolus  the  god  of  winds  was 
represented  *'  with  swoln  cheeks,  like  one  who  with  main  force  blows 
a  blast,  with  winffs  on  his  shoulders  and  a  fiery  countenance."  Idols 
were  always  made  of  a  terrific  form,  and  are  so  made  by  barbarous  peo- 
ple at  the  present  day.  When  God  is  personified  as  blowing  om  the  Jire^ 
IS  there  not  an  allusion  to  these  instruments  1 

E  use  bias,  in  the  third  book  of  his  life  of  Constantine,  says  that  when 
images  were  subverted,  among  other  things  found  in  some  of  them  were 
'*  small  faggots  of  sticks" — perhaps  the  remains  of  fuel  employed  to  raise 
•team  in  them.* 

From  the  observation  of  one  of  the  early  travelers  into  the  East,  it 
seems  that  eolipiles  were  employed  even  in  war  and  with  great  effect 
Carpini,  in  the  account  of  his  travels,  A.  D.  1286,  describes  a  species  M 
eolipile  of  the  human  form,  and  apparently  charged  with  an  inflammable 
liquid,  as  having  been  used  in  a  battle  between  the  Mongals  and  the 
troops  of  Prester  John.  The  latter,  he  says,  caused  a  number  of  hollow 
figures  to  be  made  of  copper,  which  resembled  men,  and  being  charged 
with  some  combustible  substance,  "  were  set  .upon  horses,  each  having  a 
man  behind  on  the  horse  with  a  pair  of  bellows,  to  stir  up  the  fire* 
When  approaching  to  give  battle,  these  mounted  images  were  first  sent 
forward  against  the  enemy,  and  the  men  who  rode  behind  set  fire  by  some 
means  to  the  combustibles,  and  blew  strongly  with  their  bellows ;  and  the 
Mongal  men  and  horses  were  burnt  with  wild  fire  and  the  air  was  dark- 
ened with  smoke."^  Supposing  these  eolipiles  to  have  been  charged 
with  alcohol  or  spirit  of  wine,  they  must  have  been  (as  we  see  they  were) 
of  terrible  effect,  since,  as  modem  expenments  show,  a  jet  of  flame  from 
each  might  have  extended  to  a  distance  of  twenty-five  or  thirty  feet. 

Besides  blowing  directly  upon  or  against  a  fire,  eolipiles  were  employed 
to  tncrtoie  the  draft  of  chimneys,  for  which  purpose  the  jet  rose  perpen- 
dicularly from  the  centre  of  the  dome,  as  in  No.  181.     One  or  two  starid- 

»  PsUir  Martvr's  Common  Places,  Part  ii,  336.  ^  Kerr's  Collection  of  Voya^esyvol  1, 131 
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ing  on  the  be&rth  and  heated  by  the  fire,  close  to  which  they  were  placed, 
the  vapor  rushed  through  the  orifice  and  drove  the  smoke  before  it ;  and 
at  the  same  time  induced  a  current  of  atmospheric  air  to  follow  in  the 
same  direction.  Sometimes  those  designed  for  this  purpose  had  a  handle 
or  bail  to  suspend  them  over  the  fire,  as  No.  183.  As  several  ancient 
domestic  customs  still  prevail  in  Italy,  and  numerous  culinary  and  other 
implements  found  in  Herculaneum  and  Pompeii  are  similar  to  those  now 
used,  it  might  be  supposed  that  some  relics  of  eoli piles  and  their  uses 
would  be  still  met  with  in  that  country.  The  supposition  has  been  veri- 
fied ;  for  we  are  informed  that  these  instruments  are,  or  were  in  the 
seventeenth  century,  "  commonly  made  'use  of  in  Italy  to  cure  smbaky 
chimneys,  for  being  hung  over  the  fire,  the  blast  arising  from  them  carries 
up  the  loitering  smoke  aJong  with  it" — ^and  again,  '*  an  eolipile  has  been 
sometimes  placed  in  a  chimney  where  it  can  be  heated,  the  vapor  of  ^hich 
serves  to  drive  the  smoke  up  the  chimney."  This  application  of  steam, 
it  will  be  perceived,  is  similar  to  that  lately  adopted  to  increase  the  draft 
of  chimneys  of  locomotive  carriages. 

Rivius'  mentions  another  use  of  eolipiles.  He  says  some  were  made 
of  gold,  silver  and  other  costly  metals,  and  were  filled  with  scented 
water,  "  to  cause  a  pleasant  temperature,  to  refresh  the  spirit  and  rejoice 
the  heart,  not  only  of  the  healthy  but  also  of  the  sick."  He  observes 
that  they  were  used  for. these  pur |K>ses  in  the  halls  and  chambers  of  the 
wealthy.  Rhenanus^  an  old  German  writer,  who  died  in  1547,  enumera- 
ting the  treasures  belonging  to  the  ancient  church  at  Mentz,  mentions 
eolipiles  in  the  form  of  **  silver  cranes,  in  the  belly  of  which  was  put  fire" 
and  which  gave  out  **  a  sweete  savour  of  perfumes  by  the  open  beake." 
Seneca  has  observed  that  perfumes  were  sometime^  disseminated  in  the 
amphitheatres,  by  being  mixed  with  boiling  water,  so  that  the  odor  rose 
and  was  diffused  by  the  steam.  We  learn  irom  Shakespeare  that  perfum- 
ing rooms  was  common  in  his  time,  the  neglect  of  cleanliness  rendering 
such  operations  necessary.  It  is  probable  that  he  refers  to  the  same  pro- 
cess as  that  mentioned  by  Rivius.  **  Being  entertained  for  a  perfumer, 
as  I  was  smoking  a  room."     "  Muck  ado  about  Nothing ^^  Act  1,  Scene  3. 

Eolipiles  were  also  employed  to  produce  music.  By  adapting  trum- 
pets, flutes,  clarionets,  and  other  wind  instruments  to  the  neck  or  orifice 
of  one,  they  were  sounded  as  by  currents  of  air.  This  application  of 
eolipiles  is  urobably  coeval  with  their  invention.  It  is  indeed  only  a 
variation  of  the  supposed  musical  apparatus  of  the  Memnonian  Statue, 
and  of  the  devices  described  by  Heron.  All  the  old  writers  on  eolipiles 
mention  it.  Fludd  figures  a  variety  of  instruments  sounded  by  currents 
of  steam ;  and  Rivius,  after  noticing  the  use  of  eolipiles  for  blowing  fires 
and  fumigating  rooms,  observes  ''they  are  also  made  to  produce  music, 
the  st^m  passing  through  reeds  or  organ  pipes,  so  as  to  cause  astonish- 
ment in  those  who  have  no  idea  of  such  wonderful  operations."  Gerbert 
applied  eolipiles  in  place  of  bellows  to  sound  an  organ  at  Rheims  in  the 
tenth  century ;  and  the  instrument  according  to  William  of  Malmsbury 
was  extant  two  hundred  years  afterwards.  (During  the  middle  ages, 
the  churchmen  were  the  only  organ  makers ;  and  even  so  late  as  the 
aixteenth  century,  they  retained  the  manufacture  chiefly  in  their  own 
hands  :  in  the  household  book  of  Henry  VIII.  mention  is  made  of  two 
payments  of  ten  pounds  each  to  John,  or  *'  Sir  John,  the  organ  maker," 
of  whom  the  editor  says,  '  it  is  almost  certain  that  he  was  a  priest.') 

The  preceding  notice  of  eolipiles  is  due  to  them  as  the  true  germ  of 
modern  steam  engines,  for  such  they  were,  whether  the  latter  bo  consider- 
ed as  devices  for  raising  water  only,  or  as  machines  to  move  others.   We 
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have  8e<sn  that  the  oldest  apparatus  mored  by  ateaiii,  of  which  there  » 
any  account,  was  an  eolipile  suspended  on  its  axis,  at  once  both  boiler 
and  engine,  (No.  180)  and  we  shall  find  that  the  first  attempts  to  raise 
water  by  the  same  fluid  were  made  with  the  same  instruments.  Indeed, 
all  the  early  experiments  on  steam  were  made  with  eolipilea,  and  all  the 
I  first  steam  maciiines  were  nothing  else* 


CHAPTER   IV. 


Bapl«y««Bt  of  ■uui  in  IbnMr  Hhmm  Cblaw  of  TarioM  paopto  !•  tbm  ■!••■ 
«f  alMni  M  a  mociTe  af ent,  pareaiTad  by  Rofar  Baeoo-Othar  iMdani  laraatioaa  and  diacwvariaa  kaom 
•a  Um— Spaoisb  steaai-ahip  ia  ISiS-^Oflkial  docuoMnta  relatiaf  to  it— Roaarka  oa  tlioan  Anriqailj  of 
paddla-whoeU  aa  propollera— Project  of  tlia  author  for  propallinf  Taaaala—ExperiaMats  on  alaaia 
ia  tiM  •ixtaaatb  caniury—Jaronio  Cardaa->Vaeaam  fomad  by  the  coodanaadoB  of  atoaa^  known  to  iIm 
Alehymut*— Experiinenta  froat  PIndd— Ocberi  from  Porta— Bxpanaira  Ibrca  of  atoaai  illnaU-alad  by  old 
anthora  Intaraatiag  axampla  of  raiiiaf  watar  by  ataam  ftoai  Porta  Matbotiaa,  Caaini  and 
Dariee  for  raiainf  hot  watar  froa  Daraaa  Invantioo  of  the  staaia  aofioa  ciaiaMd  by  Arairo  f<ir  Fi 
Nothinf  uew  ia  the  apparataa  of  Doeaaa,  nor  in  tha  priac^la  of  ita  oporatioa— Hot 
Boilora  with  tubular  apouta— EolipUaa— ObNonratioM  on  Doeaaa— Writia^a  of  Porta— Claima  of  Aiafa 
ia  behalf  of  Deoiua  ttnteBabla'-4natancaa  of  hot  water  ndaad  by  ateaan  in  tha  arta  Kannfactnre ' 
Diaoovary  of  iodine— Ancient  aoap  aukara— Soap  rat*  ia  Pompeii— Jfanipnlation*  of  ancient 
of  ancient  writinga— Large  aoaa  aacioaUy  expended  on  aoap    Logic  of  Oanr. 


It  will  ha\e  been  perceived  from  the  preceding  chapter  that  eoli piles 
for  blowing  fires  and  for  other  purposes  were  formerly  common,  and  conse- 
quently that  people  were  familiar  with  the  generation  of  steam,  and  of 
high  steam  too,  long  before  modem  steam  engines  were  known.  Of  the 
applications  of  this  fluid  to  produce  motion  or  raise  liquids,  during  the 
long  period  that  intervened  between  the  time  of  Heron  and  the  introduc- 
tion of  printing  into  Europe,  scarcely  any  thine  is  known  ;  yet  there  can 
be  no  doubt  that  it  was  occasionally  used  to  a  limited  extent  fi^r  one  pur 
pose  or  the  other,  and  perhaps  for  both. 

As  the  origin  and  early  progress  of  the  steam  engine  are  necessarily  cou 
nected  with  this  part  of  our  subject,  the  inquisitive  reader  will  not  object 
to  dwell  a  little  upon  it,  although  some  parts  of  the  detail  do  not  relate 
directly  to  the  elevation  of  liquids.  • 

From  the  important  and  increasing  influence  of  the  steam  engine  on 
human  aflairs,  a  controversy  has  arisen  between  writers  of  diflPerent  na- 
tions respecting  the  claims  of  their  countrymen  to  its  invention ;  and  some 
acrimonious  feelings  have  been  displayed.  This  is  to  be  refip!etted  aa 
fostering  prejudices  and  passions  which  it  is  the  province  of  philosophers 
to  eradicate-— not  to  cherish.  National  vauntings  may  form  articles  in 
the  creed,  as  they  are  made  to  contribute  to  the  capital  of  politicians ; 
but  should  find  no  place  in  that  of  a  savan.  Philosophy,  like  Christianity, 
contemplates  mankind  as  one  family,  and  recognizes  no  sectional  boast- 
ing. Neither  science  nor  the  arts  are  confined  by  degrees  of  longitude^ 
nor  are  the  scintillations  of  genius  to  be  measured  by  degrees  from  die 
equator.    As  in  the  republic  of  letters,  so  in  that  of  science  and  the  art»« 
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geographical  distinctions  respecting  the  abode  of  its  citizens  should  be 
unknown.  ' 

A  few  scattered  relics  of  ingenious  nien  who  flourished  in  the  dark 
ages  are  still  extant,  which  serve  to  convince  us  that  experimental  re- 
searches of  some  of  the  monks  and  other  ardent  inquirers  after  knowledge 
in  those  times  were  more  extensive,  and  evinced  a  more  thorough  ac- 
quaintance with  the  principles  of  natural  philosophy,  than  is  generally 
surmised.  The  following  remarks  of  R(^er  Bacon  are  an  instance. '  From 
them  we  may  safely  infer  that  he  was  aware  of  the  elastic  force  of  steam 
and  its  applicability  to  propel  vessels  on  water  and  carriages  on  land. 
That  he  was  acquainted  witn  gunpowder  is  generally  admitted,  and  it 
would  seem  that  neither  diving  bells  nor  suspension  bridges  escaped  him : 
"  Men  may  construct  for  the  wants  of  navigation  such  machmes  that 
the  greatest  vessels,  directed  by  a  single  man,  shall  cut  through  the  rivers 
and  seas  with  more  rapidity  than  if  they  were  propelled  by  rowers ; 
chariots  may  be  constructed  which,  without  horses,  shall  run  with  immea- 
surable speed.  Men  may  conceive  machines  which  could  bear  the  diver, 
Tirithout  danger,  to  the  depth  of  the  waters.  Men  could  invent  a  multi- 
tude of  other  engines  and  useful  instruments,  such  as  bridges  that  shall 
span  the  broadest  rivers  without  any  intermediate  support.  Art  has  its 
thunders  more  terrible  than  those  of  heaven.  A  small  quantity  of  matter 
produces  a  horrible  explosion,  accompanied  by  a  bright  light ;  and  this 
may  be  repeated  so  as  to  destroy  a  city  or  entire  battalions." 

Bacon  was  not  a  man  to  speaK  or  write  in  this  manner  at  random.  His 
experitnents  led  him  to  the  conclusions  he  has  thus  recorded,  for  he  was 
by  far  the  most  talented  and  indefatigable  experimental  philosopher  of 
his  age.  His  discoveries  however  were  not  understood,  or  their  impor- 
tance not  appreciated,  for  he  was  imprisoned  ten  years  as  a  practiser  of 
magic,  &c.  There  is  a  remark  in  his  treatise  "  on  the  secret  works  of 
art  and  nature,"  that  is  too  valuable  to  be  omitted :  he  says  a  person  who 
is  perfectly  acquainted  with  the  manner  that  nature  observes  in  her  opera- 
turns,  can  not  only  rival  but  surpass  her.  "  That  he  was  acquainted  with 
the  rarefaction  of  air ,  and  the  structure  of  the  air  pump,  is  past  contradic- 
tion." He  was  (says  Dr.  Friend)  the  miracle  of  the  times  he  lived  in, 
and  the^^reatest  genius  perhaps  for  mechanical  knowledge  which  ever 
appeared  in  the  world  since  Archimedes.  The  camera  obscura  and 
telescope  were  known  to  him,  and  he  has  described  the  mode  of  making 
reading  glasses.  Most  of  the  operations  now  used  in  chemistry  are 
said  to  be  described  or  mentioned  by  him.  A  description  of  his  laborato- 
ry  and  of  the  experimenu  he  made,  with  a  .ketch  of^the  various  appara- 
tus  employed,  would  have  been  infinitely  more,  valuable  than  all  the 
volumes  on  scholastic  divinity  that  were  ever  written. 

In  1543,  a  naval  officer  under  Charles  V.  is  said  to  have  propelled  a 
ship  of  two  hundred  tons,  by  steam,  in  the  harbor  of  Barcelona.  No 
account  of  his  machinery  is  extant,  except  that  he  had  a  lar^e  copper 
boiler,  and  that  paddle  wheels  were  suspended  over  the  sides  of  the 
vessel.  Like  all  old  inventors  he  refused  to  explain  the  mechanism.  The 
following  account  was  furnished  for  publication  by  the  superintendent  of 
the  Spanish  royal  archives.  "  Blasco  de  Garay,  a  captain  in  the  navy, 
proposed  in  1543,  to  the  Emperor  and  King,  Charles  the  Fifth,  a  machine 
to  propel  large  boats  and  ships,  even  in  calm  weather,  without  oars  or 
Buls.  In  spite  of  the  impediments  and  the  opposition  w>  ich  this  project 
met  with,  the  Emperor  ordered  a  trial  to  be  made  of  it  in  the  port  of 
Barcelona,  which  in  fact  took  place  on  the  17th  of  the  month  of  June, 
tff  the  said  year  1543.     Garay  would  not  explain  the  particulars  of  his 
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discoTory :  it  wu  evident  howerer  during  the  experiment  that  it  conristed 
in  a  large  copper  of  boiling  water,  and  in  moving  wheels  attached  to 
either  side  ot  the  ship.  The  experiment  was  tried  on  a  ship  of  two  hun- 
dred tons»  called  the  Trinity,  which  came  from  Coiibre  to  discharge  a 
cargo  of  com  at  Barcelona,  of  which  Peter  de  Scarza  was  captain.  Bj 
order  of  Charles  V,  Don  Henry  de  Toledo  the  governor,  Don  Pedro  de 
Cordova,  the  treasurer  Ravage,  and  the  vice  chancellor,  and  intendanf 
of  Catalonia  witnessed  the  experiment.  In  the  reports  made  to  the  em- 
peror and  to  the  prince,  this  ingenious  invention  was  generally  approved, 
particularly  on  account  of  the  promptness  and  facility  with  which  the 
•hip  was  made  to  go  about.  The  treasurer  Ravago,  an  enemy  to  the 
project,  said  that  the  vessel  could  be  propelled  two  leagues  in  three  hour»^ 
that  the  machine  was  complicated  and  expensive— and  that  there  would 
be  an  exposure  to  danger  in  case  the  boiler  should  burst.  The  other 
commissioners  affirmed  that  the  vessel  tacked  with  the  same  rapidity  as 
a  galley  manosuvred  in  the  ordinary  way,  and  went  at  least  a  league  an 
hour.  As  soon  as  the  experiment  was  made  Graray  took  the  whole  ma- 
chine with  which  he  had  furnished  the  vessel,  leaving  only  the  wooden 
part  in  the  arsenal  at  Barcelona,  and  keeping  all  the  rest  for  himself.  In 
spite  of  Ravago*9  opposition,  the  invention  was  approved,  and  if  the 
expedition  in  which  Charles  the  Vth  was  then  engaged  had  not  prevented, 
he  would  no  doubt  have  encouraged  it.  Nevertheless,  the  emperor  pro- 
moted the  inventor  one  grade,  made  him  a  present  of  two  hundred 
thousand  maravedis,  and  ordered  the  expense  to  be  paid  out  of  the  trea- 
sury,  and  granted  him  besides  many  other  favors." 

*'  This  account  is  derived  from  the  documents  and  original  registers 
kept  in  the  Royal  Archives  of  Simuncas,  among  the  commercial  jiapers 
of  Catalonia,  and  from  those  of  the  military  and  naval  departments  for 
the  said  year,  1543.  Thomas  Gonzalez. 

"  Simuncas,  August  27,  1825." 

From  this  account  it  has  been  inferred  that  steam  vessels  were  invented 
in  Spain,  being  only  revived  in  modern  times  ;  and  that  Blasco  de  Graray 
should  he  regarded  as  the  inventor  of  the  first  steam  engine.  As  long  as 
the  authenticity  of  the  document  is  admitted  and  no  earlier  experiment 
adduced,  it  is  dilficult  to  perceive  how  such  a  conclusion  can  be  avoided; 
at  least  so  far  as  st^am  vessels  are  concerned.  It  may  appear  singular  that 
this  specimen  of  mechanical  skill  should  have  been  matured  in  that  coun- 
try :  but  at  the  time  referred  to,  Spain  was  probably  the  most  promising 
•ceiie  for  the  display  of  such  operations.  Every  one  knows  that  half  a 
century  before,  Columbus  could  find  a  patron  no  where  else.  The  great 
loss  which  Charles  sustained  in  his  fleet  before  Algiers  the  previous  year* 
must  have  convinced  him  of  the  value  of  an  invention  by  which  ships 
could  be  propelled  without  oars  or  sails ;  and  there  is  nothing  improbable 
in  supposing  the  loss  on  that  occasion  (fifteen  ships  of  war  and  one  hun- 
dred and  forty  transports,  in  which  eight  thousand  men  perished  and 
Charles  himself  narrowly  escaped)  was  one  principal  reason  for  Captain 
Garay  to  bring  forward  his  project.  M.  Arago,  who  advocates  with  pe- 
culiar eloquence  and  zeal  the  claims  of  Decaus  and  Papin,  as  inventors 
of  the  steam  engine,  thinks  the  document  should  be  set  aside  for  the  fol- 
lowing reasons :  1st.  Because  it  was  not  printed  in  1543,  2d.  It  does 
not  sufficiently  prove  that  steam  was  the  motive  agent.  3d.  If  Captain 
Garay /eally  did  employ  a  steam  engine,  it  was  '*  according  to  all  appear- 
ance" the  reacting  eolipile  of  Heron,  and  therefore  nothmg  new.  To 
IS5  there  does  not  appear  much  force  in  these  reasons.     M«  Arago  ol^ 
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■erveSy  **  manascript  documents  cannot  have  any  value  with  the  public* 
because,  generally,  it  has  no  means  whatever  of  verif^rin^  the  date  as- 
signed to  them/'  To  a  limited  extent  this  may  be  admitted.  Respecting 
private  M3S.  it  may  be  true ;  but  surely  official  and  national  records  like 
those  referred  to  by  the  Spanish  secretary  should  be  excepted.  We 
have  in  the  eighth  chapter  of  our  Third  Book  quoted  largely  from  official 
'  MS.  documents  belonging  to  this  city,  (New- York  :)  now  these  are  pre- 
served in  a  public  office  and  may  be  examined  to  verify  our  extracts  as 
well  as  their  own  authenticity  :  and  the  Spanish  records  we  presume  are 
equally  accessible,  and  their  authenticity  may  be  equally  established.  The 
mere  printing  of  both  could  add  nothing  to  their  credibility,  although  it 
would  affi^rd  to  the  public  greater  facilities  of  judging  of  their  claims  to  it. 
So  far  from  rejecting  such  sources  of  information  respecting  the  arts  of 
former  times,  we  should  have  supposed  they  were  unexceptionable. 

But  it  is  said— although  a  boiler  is  mentioned,  that  is  not  sufficient  proof 
that  steam  was  the  impelling  agent,  since  there  are  various  machines  in 
which  fire  is  used  under  a  boiler,  without  that  fluid  having  any  thing  to 
do  with  the  operations  :  Well,  but  the  account  states  that  which  really 
appears  conclusive  on  this  point,  viz.  that  this  vessel  contained  **  boifing 
tpater**  and  that  Ravage  the  treasurer,  opposed  the  scheme  on  the  ground 
that  there  would  be  an  exposure  to  danger  "in  case  the  boiler  should, 
burst."  As  this  danger  could  not  arise  from  the  liquid  contents  merely ^ 
but  from  the  accumulation  of  steam,  (the  irresistible  force  of  which  was, 
as  has  been  observed,  well  known  from  the  employment  of  eolipiles)  it  is 
obvious  enough  that  this  fluid  performed  an  essential  part  in  the  opera- 
tion— in  other  words  Was  the  source  of  the  motive  power.  Had  it  not 
been  necessary,  Garay  would  never  have  furnished  in  it  such  a  plausible 
pretext  for  opposition  to  his  project,  it  has  been  also  said  '*  if  we  were 
to  admit  that  the  machine  of  Garay  was  set  in  motion  by  steam,  it  would 
not  necessarily  follow  that  the  invention  [steam  engine]  was  new,  and 
that  it  bore  any  resemblance  to  those  of  our  day."  True,  but  it  would 
at  least  follow  tliat  Garay  should  be  considered  the  father  of  steam  naui- 
gaiian,  until  some  earlier  and  actual  experiment  is  produced.  Arago  further 
thinks,  that  if  Garay  used  steam  at  all,  his  engine  was  the  whirling 
eolipile  (No.  180) — **  every  thing"  he  observes  would  lead  us  to  believe 
diat  he  employed  this.  We  regret  to  say  there  are  strong  objections  to 
such  an  opinion.  That  an  engine  acting  on  the  same  principle  of  recoil 
as  Heron's  eolipile  might  have  been  maide  to  propel  a  vessel  of  two  bun* 
dred  tons  is  admitted  ;  but  from  modern  expenments  with  small  engines 
of  this  description,  we  know ;  1st,  that  in  order  to  produce  the  reported 
result,  the  elastichy  of  the  steam  employed  must  have  been  equivalent  to 
a  pressure  of  several  atmospheres ;  and  2d,  that  the  enormous  consump- 
tion of  the  fluid  when  used  in  one  of  these  engines  must  have  required 
either  a  number  of  boilers  or  one  of  extraordinary  dimensions.  Had 
Guray  emplo^^sd  several  boilers,  the  principal  difficulty  would  be  removed, 
as  he  might  then  have  made  them  sufficiently  strong  to  resist  the  pressure 
of  the  confined  vapor ;  he  however  used  but  one,  and  every  person  who 
has  witnessed  the  operation  of  reacting  engines  will  admit  that  a  single 
boiler  could  hardly  have^een  made  to  furnish  the  quantity  of  steam  re- 
qtflred.  at  the  requisite  degree  <ff  tension. 

As  the  nature  <i£  this  Spanish  engine  is  not  mentioned,  every  person  is 
led  to  form  his  own  opinion  of  it.  We  see  no  difficulty  in  admitting  that 
he  employed  the  elastic  force  of  steam  to  push  a  piston  to  and .  fro— or 
that  he  formed  a  vacuum  under  one  by  condensing  the  vapor.  Such  ap- 
plicationt  of  steam  were  as  likely  to  occur  to  a  person  deeply  engaged  m 
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deviling  modes  of  employing  it,  in  tbe  sixteenth  as  well  as  in  the  seven 
teenih  century,  not  with  stanaing  the  objection  so  often  reiterated,  that 
the  arts  were  not  sufficiently  matured  for  the  fabrication  of  a  metallic 
cylinder  and  piston,  and  apparatus  for  transmitting  the  movements  of  a 
piston  to  revolving  mechanism.  The  casting  and  boring  of  pieces  of ' 
ordnance  show  that  the  construction  of  a  steam  cylinder  was  not  beyond 
the  arts  of  the  sixteenth  century,  or  even  of  the  two  preceding  ones;  while 
the  water-works,  consisting  of  forcing  pumps  worked  by  wheels,  and 
also  numerous  other  machines  put  in  motion  by  cranks,  (and  the  irre- 
gularity of  their  movements  being  also  regulated  by  fly  wheels)  described 
in  the  works  of  Besson,  Agricola,  &c.  show  that  engineers  at  that  time 
well  understood  the  means  of  converting  rotary  into  rectilinear  motions, 
and  rectilinear  into  rotary  ones. 

Had  Graray  used  a  steam  apparatus  on  the  principle  of  Savery*s, 
Papin's,  or  Leopold's,  to  raise  water  upon  an  overshot  wheel  fixed  on  the 
same  axle  as  the  paddles,  we  should  probably  have  heard  of  it,  since  such 
a  wheel  would  have  been  a  more  prominent  object  than  the  paddles  or 
the  boiler  itself. 

It  need  not  excite  surprise  that  Ghiray  adopted  |.ttdd1e  wheels  as  pro- 
pellers, since  they  were  well  known  before  his  time,  being  of  very  an- 
cient date.  Roman  ealleys  were  occasionally  moved  by  them,  and  they 
nave  probably  never  oeen  wholly  laid  aside  in  Europe  since  the  &11  uf 
the  empire.  Stuart,  in  his  Anecdotes  of  the  Steam  Engine,  observes  that 
the  substitution  of  them  for  oars  is  mentioned  in  several  old  military  trea- 
tises. In  some  ancient  MSS.  in  the  .King  of  France*s  library  it  is  said 
tliat  boats,  in  which  a  Roman  army  under  Claudius  Candex  were  trans- 
ported  into  Sicily,  were  propelled  by  wheels  moved  by  oxen.  An  an- 
cient bas-relief  has  also  been  found  representing  a  galley  with  three  wheels 
on  each  side ;  the  whole  being  moved  by  three  pair  of  oxen.  Roliertus 
Valturius,  in  \i\s  De  Re  MUilari,  Verona,  1472,  gives  a  figure  of  a  galley 
witii^&e  paddle  wheels  on  each  side.  Another  is  portrayed  with  one  on 
each  side.  To  these  we  add  another  from  the  Nu  rem  burg  Chronicle, 
published  in  1497  ;  at  folio  XCVIII  a  vessel  is  figured  with  ttoo  wheels 
on  the  side  that  is  represented.  An  old  English  writer  mentions  them 
in  157S ;  and  in  1682,  a  horse  tow-boat  with  paddle  wheels  was  used  at 
Chatham,  England. 

Of  various  substitutes  for  revolving  oars  or  paddle  wheels,  there  is  one 
which,  among  other  things,  we  have  long  purposed  to  try.     It  consists  in 
protruding  into  the  water,  in  ahorixontai  airection  from  close  receptacles 
formed  in  the  stem  and  below  the  water  line,  a  series  of  two  or  mora 
solid,  or  tight  hollow  bodies,  of  such  dimensions  that  the  water  displaced 
might  afford  a  resistance  sufficient  to  drive  forward  the  boat.     Some  idea 
of  this  resistance  may  be  obtained  by  attempting  to  sink  an  empty  barrel 
or  hogshead,  or  by  pushing  a  bucket  or  washing  tub  into  a  liquid,  bottom 
downwards.     The  moveable  bodies  or  propellers  might  be  square  boxes 
of  wood,  closed  tight  and  made  to  slide  in  and  out  at  the  stern  like  the 
drawers  of  a  bureau  ;  their  outer  ends  being  flush  with  the  stern  when 
drawn  in,  and  the  joint  (at  the  stern)  made  tight  by  some  contrivance 
analogous  to  a  stuffing  box ;  their  velocity  and  length  of  stroke  being  ~ 
proportioned  to  the  size  of  the  vessel  and  its  required  speed.     The  vm- 
ter  itself  would  drive  or  help  to  drive  back  each  propeller  at  the  termi- 
nation of  its  stroke,  just  as  a  hollow  vessel  is  pushed  up  when  thrust  un- 
d^r  water.     The  receptacles  might  be  open  at  the  top  so  as  to  allow  any 
water  which  leaked  in  at  the  joint  to  be  readily  discharged.     We  are 
aot  aware  that  such  a  plan  has  ever  been  proposed. 
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There  are  several  indications  that  mechanicians  in  different  parti  of 
£urope,  were  alive  to  tLe  power  developed  by  steam  at  the  time  Gursy 
was  making  his  experiments  ;  and  we  have  little  doubt  that  interesting 
iuformatiaD  respecting  it  will  yet  be  obtained  from  the  obsolete  tomes  of 
the  XV  and  XVI  centuries.  Those  old  authors,  whose  works  are  gener- 
ally quoted  on  the  subjeLt,  obviously  derived  their  information  principally 
from  those  of  their  predeintsanrs  as  well  as  from  the  laboratories  of  the 
alchymist*. 

Jerome  Cardan,  an  Italian,  bom  in  1501  and  died  in  157S,  one  of  the 
most  eccentric  geniuses  that  ever  lived,  in  whom  was  united  "  the  most 
transcendent  attainments  with  the  most  consummate  quackery,  profound 
sagacity  with  the  weakest  superstilion  ;  who  on  one  page  is  seen  draw- 
ing the  horoscope  of  Christ,  and  in  another  imploring  his  forgiveness 
for  (hi;  sin  of  having  eaten  a  partridge  on  Friday;  uniblding  the  most 
beauriful  relations  in  algebraic  analysia,  and  foretelling  from  the  up- 
pearance  of  specks  on  his  nails  his  approach  to  some  discovery  ;  above 
ail,  eloqoently  enforcing  the  obligations  of  a  pure  religion  and  expressing 
the  finest  sentiments  in  morals,  while  his  long  life  was  one  continued  ex- 
ertion, grossly  outraging  both.  Here,  this  philosopher,  juggler  ani* 
madman,  is  entitled  to  bnef  menUon  from  displaying  in  his  writings  a 
knowledge  of  what  has  been  called  the  capabilities  of  steam,  and  To^n 
particularly  with  the  fact  of  a  vacuum  being  speedily  procured  by  iu 
condensaUon." 

That  the  alchymials  were  familiar  with 
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densation  of  steam,  and  with  raising  water 
into  it  by  atmospheric  pressure  is  certain. 
Their  ordinary  manipulations  necessarily 
made  them  acquainted  with  both.  In 
Fludd's  Integrum  Mirrbontm  Mt/tterium, 
page  462,  he  illustrates  his  notions  re- 
specting fever  and  dropsy,  by  wliat  he 
calls  a  amtmtm  experiment,  and  with  the 
apparatus  figured  in  the"  cut.  An  empty 
retort  or  one  containing  a  little  water  was 
suspended  over  a  fire  with  the  neck  turned 
down  into  a  vessel  of  water :  when  the 
retort  was  heated  the  air  or  vapor  became  expanded  and  part  of  it  driven 
out  through  the  liquid.  Upon  removing  the  fire,  the  water  was  forced  by 
the  atmosphere  through  the  neck  to  supply  the  place  of  the  air  or  vapor 
expelled  by  the  heaL  This  although  nothing  more  than  the  old  process 
of  filling  eolipilcB,  most  of  which  could  be  charged  in  no  other  way, 
■hows  that  the  principle  was  well  understood  and  adopted  in  various 
Operations.  We  add  another  and  earlier  example  from  Porta's  Nalitral 
Magie,  a  work  first  published  in  1560,  where  be  distinclly  shows  the 
formation  of  a  vacuum  by  the  condensation  of  steam,  and  raising  of  water 
into  it  by  the  atmosphere.  "  Make  a  vessel  witli  a  very  long  neck  ;  the 
longer  it  is,  the  greater  wonder  it  will  seem  to  be.  Let  It  be  of  transpa- 
rent glass  that  you  may  see  the  water  running  up  ;  fill  this  with  boiling 
leatrT,  and  when  it  is  very  hot,  or  setting  the  bottnm  of  it  to  the  fire  that 
it  may  not  preaentlie  wax  cold  ;  the  mouth  being  turned  downwards  that 
it  may  touch  the  water,  it  will  suck  it  all  in."  Discharging  the  hot  water 
u  not  mentioned,  but  that  is  of  course  implied,  and  before  ihe  vessel  was 
placed  on  the  fire — while  full  of  hot  water,  it  could  not  suck  up  any  of 
the  cold.     (Book  19,  cap.  3.) 
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That  the  same  laborious  experimenters  were  acquainted  with  the  proper- 
ly of  steam  to  displace  liquids  from  close  vessels  is  equally  clear.  Many 
of  their  operations  made  them  familiar  with  the  fact  that  in  thia  respect  its 
effects  were  similar  to  those  of  compressed  air.  Portions  of  their  appa- 
ratus were  admirably  adapted  to  produce  jets  of  water  by  means  of 
steam— the  mere  opening  of  a  cock  to  draw  off  the  liquid  contents  of  a 
heated  alembic  would  often  illustrate  the  operation,  just  as  the  overturn- 
ing of  an  eolipile,  or  inclining  one  till  the  orifice  was  covered  with  water 
would  do; 

So  far  as  relates  to  the  principles  of  raising  liquids  into  a  vacuum  formed 
by  the  condensation  of  steam,  and  forcibly  ejecting  them  by  its  elasticity, 
nothing  new  was  discovered  by  Decaus,  Worcester,  Savery,  or  Papin  : 
both  operations  had  long  been  performed  with  eolipiles,  and  were  of  com- 
mon occurrence  in  laboratories.  It  was  in  the  extension  of  these  opera- 
tions to  hydraulic  purposes  that  the  merits  of  those  last  named  consisted. 
'  Draining  machines'  were  wholly  out  of  the  track  of  the  transmuters  of 
metals — ^die  design  of  such  contrivances  was  one  which  few  if  any  of 
them  would  have  stooped  to  pursue.  Had  they  made  the  raising  of 
water  by  steam  a  subject  of  particular  study,  hardly  one  of  them  could 
hare  failed  to  produce  a  machine  similar  to  Savory's,  for  every  element 
of  it  was  in  their  possession  and  in  constant  use.  'Tis  true  we  have 
as  yet  referred  only  to  the  expulsion  of  hot  water  from  close  vessels, 

but  the  application  of  steam  to  drive  cold  liquids 
from  a  separate  vessel  was  not  unknown.  Of^  this 
there  is  an  incidental  but  very  conclusive  proof  in 
a  book  of  Porta's,  entitled  SjnritaU,  (named  after 
Heron's  work)  originally  published  in  Latin  in 
1601,  and  five  years  after  in  Italian  and  Spanish. 
In  the  translation  of  1606,  is  the  annexed  figure 
No.  187,  designed  to  show  "  into  how  many  parts 
a  simple  portion  of  water  may  be  transformed" 
i.  e.  by  •  measuring  the  quantiw  expelled  from  a 
close  vessel,  by  vapor  evolved  from  a  certain  quan- 
tity heated  in  a  retort.  "  Make  a  box  of  glass  or 
tin,  {c)  the  bottom  of  which  should  be  pierced  with 
^   .^       _   _  a  hole,  throufifh  which  shall  pass  the  neck  of  a  bot- 

Ifo  187.    A.IX18(ML    Porta.      ^,      /    v  j  ®*.       j.     .,..  '^     ^  •    .  ^ 

tie  (a)  used  for  distilling,  containing  one  or  two 
ounces  of  water.  The  neck  shall  be  soldered  to  the  bottom  of  the  box 
to  that  nothing  can  escape  there.  From  the  same  bottom  shall  proceed 
a  pipe,  (t)  tlie  opening  of  which  shall  almost  touch  it,  leaving  just  room 
enough  between  them  for  the  water  to  run.  This  pipe  shall  pass  through 
an  opening  in  the  lid  of  the  box,  and  extend  itsell  on  the  outside  to  a 
small  distance  from  its  surface.  The  box  must  be  filled  with  water  by  a 
fennel  {e)  which  is  afterwards  to  be  well  closed,  so  as  not  to  allow  the 
air  [steam]  to  escape : — finally,  the  bottle  must  be  placed  upon  the  fire 
and  heated  a  little  ;  then  the  water,  changed  into  steam,  will  act  violently 
upon  the  water  in  the  box,  and  will  make  it  pass  through  the  pipe  (»)  and 
flow  off  on  the  outside,"  &c.*  This  apparatus  although  designed  merely 
to  illustrate  the  relative  bulk  of  a  volume  of  water  and  that  of  the  steam 
into  which  it  might  be  converted,  yet  exhibits  in  the  clearest  light  the 
principle  af^rwards  adopted  for  raising  liquids  by  the  elasticity  of  steam. 

*  Araf  o's  History  of  tlie  Steam  Engine,  translated  by  Lieat  Harewood,  U.  S.  N^ 
Jonrnal  of  the  Prankliu  Institute,  Vol.  XXV.  This  device  of  Porta's  was,  we  believe, 
fint  brought  forward  bj  Mr.  Ainger,  an  English  writer,  whose  work  we  have  not  see& 
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The  di)igram  and  dieacription,  observes  Stuart,  are  so  complete,  that  the 
application  to  such  a  purpose  of  a  similar  apparatus  could  not  be  consi- 
dered even  as  a  variation  of  Porta's  idea. 

In  the  first  histories  of  the  modern  steam  engine,  its  origin  v/hq  traced 
to  a  device  for  raising  water,  proposed  by  the  Marquis  of  Worcester,  in 
his  Century  of  Inventions,  a  tract  written  in  1655.  and  published  in  1663. 
Subsequent  researches  have  brought  to  light  facts  (some  of  which  have 
just  been  noticed)  which  prove  that  steam  was  applied  to  that  and  other 
purposes  long  before  ;  and  future  inquiries  will  probably  produce  still 
earlier  examples.  Previous  to  describing  other  old  applications  of  this 
fluid,  we  shall  notice  some  experiments  which  historians  of  the  steam  en- 
g^ine  have  introduced.  Thus  Rivault,  a  French  courtier,  is  said  to  have 
"  discovered"  in  1605  that  a  tight  bomb  shell  containing  water  and  thrown 
into  a  fire  would  be  exploded  by  the  conBned  vapor— and  by  Decaus  in 
1615,  that  a  close  copper  ball  partly  filled  with  water  and  heated,  would 
be  rent  asunder  with  a  noise  resembling  that  of  a  petard — and  by  the 
Marquis  of  Worcester  in  1663,  that  a  piece  of  ordnance  would  also  be 
exploded,  if  treated  in  the  same  way  with  its  mouth  and  touch-hole  plug* 
ged  up.  Now,  the  fact  which  these  experiments  established  (if  they 
were  all  made)  was  one  with  which  every  person  who  ever  used  an 
eolipile  was  familiar ;  and  which  was  no  more  a  new  discovery  in  the 
beginning  of  the  seventeenth  century,  than  experiments  to  prove  that  the 
cover  of  a  common  cauldron  might  be  blown  off  by  the  same  agent,  could 
have  been  in  the  middle  of  it.  It  was  a  knowledge  of  the  same  fact  that 
led  ancient  philosophers  to  account  for  the  phenomenon  of  earthquakes-* 
w^hich  induced  the  ministers  of  the  steam  deities,  mentioned  in  the  last 
chapter,  to  regulate  the  resistance  of  the  plugs  which  closed  the  mouth 
and  eyes  of  the  idols,  so  as  to  give  way  before  the  tension  of  the  steam 
exceeded  the  strength  of  the  metal,  and  blew  both  them  and  their  gods  to 
atoms.  When  the  Spanish  treasurer  objected  to  the  project  of  Garay  that 
the  boiler  might  **  burst,"  he  did  not  dream  of  having  made  a  discovery  of 
the  danger  ansing  from  imprisoned  steam  :  had  such  been  the  case  his  ob- 
jection would  have  had  no  force  till  the  fact  upon  which  it  was  based,  had 
been  tested  and  become  generally  known— but  the  ground -of  his  opposition 
every  person  of  that  age  could  appreciate  as  well  as  we  can  ;  and  it  is  not 
improbable  that  on  that  ground  only  was  the  project  abandoned.  The 
same  objection  still  prevents  thousands  from  traveling  either  in  steam  boats 
or  steam  carriages. 

Examples  to  show  that  old  chemists  were  as  familiar  with  the  same  fact 
almost  as  with  "  the  cracklings  of  thorns  under  a  pot,"  might  be  quoted  in 
abundance — they  are  not  necessary,  but  we  shall  adduce  one  or  two.  In 
Porta's  Natural  Magic,  (Book  X,  chap.  1,  on  Distillation,)  he  speaks  of  re- 
gulating the  capacity  of  stills  to  the  various  substances  treated  in  them. 
Such  as  were  oi  '*  a  flat  and  vapourous  nature"  require,  he  observes,  large 
vessels,  "  for  when  the  heat  shall  have  raised  up  the  flatulent  matter,  and  it 
finds  itself  straighten'd  .  .' .  .  it  will  seek^some  other  vent,  and  so  tear  th€ 
vessels  in  pieces,  which  will  fly  about  with  a  great  bounce  and  crack,  and  not 
vrithout  endamaging  the  standers  by."  Again,  in  the  ninth  chapter  of  the 
same  book,  he  directs  that  particular  care  should  be  taken  to  make  the  joints 
tight  "  lest  the  force  of  the  vapours  arising  may  burst  it  [the  still]  open 
and  scald  the  faces  of  the  by  standers."  That  such  occurrences  were  not 
uncommon  may  be  inferred  from  another  remark ;  (in  the  21st  chapter  of  the 
10th  book,)  speaking  of"  the  separation  of  the  elements"  and  of  the  various 
substances  distilled,  he  observes,  "  we  account  those  airy  which  All  the  ves- 
sels and  receivers  and  easily  burst  them,  and  so  flie  out."    These  examples 
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«re  aafficittnt  to  proTe  tti&t  the  trreiutiilt  force  of  ateun  when  confined,  waa 
known  in  the  middle  of  the  sixteenlh  century — in  fact  it  always  has  been 
known  aince  dlslillation  was  practised  or  an  eolipile  used.  Particular 
care  wu  always  required  in  keep  the  orifice  of  the  latter  instrument  opeu 
when  on  the  fire. 

Besides  the  Natural  Magic  of  Porta  and  the  wridngs  of  Cardan,  there 
were  oth<-r  works  published  in  the  siicteeiitli  century  m  which  steam  U 
either  incidentally  mentioned,  or  expressly  treated  on.  About  tite  year 
1560,  Mathesius,  a  G«rman  preacher,  in  order  to  illustrate  the  enonnon* 
force  of  a  little  imprisoned  vapor,  introduced  into  a  sermon  a  descriptioa 
of  an  apparatus  "  answermg'  to  a  steam  en^ne" — an  instance  of  ingenuity 
'    t  of  Cardan,  who  contrived  to  swell  the  contents  of  a  tieatise 


on  arithmetic,  (which  he  wrote  for  the  booksellers  by   the   page)   by  I 

Sttiating  on  the  motions  of  the  planets,  on  the  creation,  and  the  lower  of 
aliel,  Canini,  a  Venetian,  made  experiments  on  steam  in  15C6.  In 
1560,  an  anonymous  tract,  printed  at  Orleans,  and  aEcnl>ed  to  Bpsann, 
contains  an  account  of  the  exfiansion  t  f  water  into  steam,  and  the  relative 
volumes  of  each.  About  1597,  a  German  writer  proposed  the  whirling 
eolipile  of  Heron,  as  a  substitute  for  dugs  in  turning  the  spit,  and  recom- 
mended it  in  a  passage,  an  extract  from  which  may  be  seen  at  page  76  of 
this  vnlump. 

The  •■  Forcible  Movements"  of  Decaua,  or  de  Caus,  is   the   next  an 
thoritv   fur  early   notices   of  steam.      This   work   was   first   published  U 
Frankfort  in  1615,  and   in   Paris  in  1%24.      ll  is  entitled   Let  Raiam  dtt 
Forcft  Mimrantft,  avec  diverses  machines  tant  utiles  que  plaisantes,  &c : — 
Reasons  of  moving  forces,  with  various  machines  both   useful   and    inter 
eating.   The  title  seems  to  have  heen  slightly  changed  in  different  editions; 
imd,  as  noticed  at  page  319,  the  name  of  the  author  also;  a  circumstance 
that  has  led  Mr.  Farey  to  suppose  there 
were  two  books,  written   by  dilferenl  au 
ihors  of  the  same  name.     In  the  English 
traDslation  of  1659,  which  consists  of  two 
parts  ;  "  The  theorie  of  the  conduct  of  wa- 
ter" and  the  "  Forcible  movements,"  the 
theorems  on  steam  are  omitted.      By  these 
theorems   Decaus   intended   to  show   that 
heat  carries  off  water  by  evaporation — that 
ateam  when  condensed  returns  to  its  origio- 
a!  bulk — and  that  a  hollow  hall  or  eolipile 
may  be  explodfd  by  iL      The  only  device 
for  employing  this  fluid  which  he  has  given, 
'is  in  illustration  of  the   fifth  theorem,  vii : 
Water  mayhe  raited  abttveittlerel  by  mtant 
of  fire. :  "  the  third  method  of  raising  water 
is  by  the  aid  of  lire,  whereby  diverse  ma- 
chines  may  be  made.     1   shall  here    give 
the   description   of  one.     Take   a   ball  of 
copper  marked  A,  well  soldered  at  every 
part.      It  must  have  a  vent  hole  marked  D 
by  which   water   may  be  introduced  ;  and 
also  a  tube  marked     C,     soldered  into  the 
lf*.iea.   D«wn,A.aiau.  top  of   the  ball,  and  the  end    C  reaching 

nearly  to  the  bottom,  but  not  touching  it 
Aii«r  filling  this  ball  with  water  through  die  vent  Imle,  stop  it  close  and 
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pat  the  ball  on  the  fire,  then  the  heat  acting  against  the  said  ball,  will  cause 
all  the  water  to  rise  through  the  tube       CV 

On  the  supposition  that  this  apparatus  was  originally  designed  by  T)e- 
caus,  M.  Arago  has  claimed  for  France  the  invention  of  the  steam  engine. 
The  English,  he  observes  in  his  Memoir  of  Watt,  have  ascribed  the  honof 
ii>  the  Marq«is  of  Worcester ;  but  on  this  side  the  channel,  "  we  main- 
tain that  it  belongs  to  a  humble  engineer,  almost  forgotten  by  our  bio- 
fraphers,  viz.  Solomon  de  Caus."  And  in  his  *  History  of  the  Steam 
ingine,'  he  asserts  that  "  the  idea  of  raising  water  by  the  elastic  force 
of  steam"  belongs  to  the  same  individual.  With  the  disposition  and 
even  an  anxiety  to  give  to  every  inventor  his  full  meed  of  praise,  we 
confess  that  we  cannot  perceive  in  the  figure  and  description  before  us, 
sufficient  ground  from  which  such  inferences  could  fairly  be  drawn. 
The  fact  is,  to  no  one  age  or  people  can  the  origin  of  the  steam  engine 
be  attributed — nor  yet  its  various  applications.  That  some  have  contri- 
buted greatly  more  than  others  to  develope,  mature  and  apply  it,  no 
person  doubts. 

Were  it  even  admitted  that  no  apparatus  precisely  like  that  represented 
ill  the  figure  was  previously  known,  it  would  be  difHcult  to  establish  the 
claims  put  forward  in  behalf  of  Decaus.  But  there  was  nothing  novel 
either  in  its  construction  or  in  the  principle  of  its  operation ;  while  for 
nearly  all  practical  purposes  it  was  valueless. 

So  far  as  respects  the  apparatus  simply,  no  part  of  it  was  invented  by 
him.  It  is  figured  in  the  Spiritalia  as  an  illustration  of  Problem  IX,  viz. 
a  hollow  sphere  partly  filled  with  water,  and  resting  upon  a  tripod,  with 
a  jet  pipe  extending  down  into  the  liquid.  Instead  of  fire  under  it  to 
raise  steam,  a  syringe  is  connected  to  the  upper  part,  by  which  to  inject 
air  or  water.  This  figure  is  copied  in  Plate  VII  of  the  **  Forcible  Move- 
ments," (Leak's  Trans )  and  of  it  Decaus  observes,  **  as  concerning  the 
figure  of  the  globe,  it  may  serve  for  pleasure  to  cast  the  water  very  high 
by  the  pipe,  after  tliat  you  have  forced  it  in  with  violence  with  the  sy- 
ringe." Had  not  this  device  of  raising  water  by  air  compressed  with  a 
syringe  been  found  in  the  Spiritalia,  it  might  also  have  been  deemed  the 
invention  of  Decavs,  for  he  does  not  mention  the  source  whence  he  de- 
rived it;  and  as  it  is,  we  think  he  may  with  as  much  reason  be  considered 
the  anthor  of  air-engines,  as  the  first  inventor  of  steam  engines.  The 
apparatus  is  also  a  modiBcation  of  that  by  which  Heron  raised  water  by 
the  heat  of  the  sun,  but  the  author  of  the  Spiritalia  was  too  well  versed 
in  the  subjt^ct,  to  introduce  in  that  work  such  a  device  as  that  of  Decaus. 

The  elevation  of  water  by  the  elastic  force  of  steam  was  also  well 
known  before  the  time  of  Decaus.  Nature  herself  has  always  presented 
striking  proofs  of  it  in  boiling  springs,  and  in  the  magnificent  fountains 
and  jets  that  are  thrown  up  in  various  parts  of 'the  earth  from  subter- 
raneous cauldrons  by  imprisoned  steam  ;  as  in  the  Geysers  of  Iceland, 
where  the  hot  liquid  is  thus  violently  forced  through  natural  tubes,  of 
nine  or  ten  foet  in  diameter,  to  heights  varying  from  twenty  to  ninety 
feet,  and  accompanied  with  intermitting  volumen  of  the  vapor ;  pheno- 
mena the  philosophy  of  which  was  well  understood  by  the  ancients.  But 
if  such  examples  are  deemed  too  indirect,  and  as  known  only  to  a  few 
there  are  others  with  which  people  generally  have  always  been  conver 
sant :  Vessels  for  heating  water,  with  tubular  spouts,  whose  upper  oriBcea 
stand  higher  than  the  top  of  the  vessels  or  the  liquid  within  them,  are  of 
extreme  antiquity;  some  that  resemble  our  tea-kettles  and  coffee-pots  are 
found  portrayed  on  the  paintings  and  sculptures  of  £gypt.     Now  every 
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one  knows  that  when  the  covsrs  of  these  fit  so  close  as  to  prevent  the 
steam  from  escaping  as  fast  as  it  is  generated,  the  confined  vapor  forces  up 
the  hot  liquid  through  the  spouts ;  and  in  a  manner  precisely  the  same  as 
described  by  Decaus,  for  the  effect  is  the  same  whetlier  the  discharging 
tube  be  connected  to  the  lower  side  of  a  boiler  like  a  tea-kettle  spout,  or 
inserted  through  the  top  and  continued  within  to  the  liquid.  •  From  such 
domestic  exhibitions  of  the  effects  of  steam,  the  devices  of  Heron  and 
other  ancient  experimenters  were  probably  derived :  a  person  whose 
thoughts  were  turned  to  the  subject  of  raising  water  by  it  could  not  fail  te 
profit  by  them,  or  to  hit  upon  so  slight  a  modification  of  the  apparatus  as 
shown  m  the  last  figure. 

The  same  application  of  steam  was  often  exhibited  by  alchymists  as  al- 
ready observed  in  their  manipulations,  and  in  drawing  off*  the  contents  of 
their  stills  and  retorts ;  but  it  was  still  more  clearly  illustrated  in  common 
life  in  the  employment  of  eolipiles,  and  the  copper  ball  of  Decaus  was 
merely  one  of  these  with  a  jet  pipe  prolonged  into  the  liquid.  The  ver^  terms 
"  ball  of  copper,"  "  ball  of  brass,*'  were  those  by  which  eolipiles  were 
designated.  (See  page  396.)  Now  no  one  was  ignorant  that  an  opening 
on  the  top  of  one  of  these  instruments  Jet  out  steam,  and  that  through  one 
near  the  oottom  hot  water  would  be  violently  expelled  through  a  vertical 
tube,  if  attached  to  the  opening.  Suppose  the  one  figured  at  No.  185 
either  accidentally  or  designedly  placed  on  the  fire  with  the  tube  inclined 
upwards,  and  heated  in  that  {>06ition  while  two  thirds  filled  with  water ; 
the  vapor  would  then  accumulate  in  the  dome,  and  would  necessarily 
drive  out  the  boiling  liquid  until  the  lower  orifice  of  the  tube  was  no  longer 
covered  with  water :  or  imagine  No.  184  inclined  till  water  rushed  out 
instead  of  steam.  That  such  experiments  were  not  only  frequent  but  com- 
mon, no  person  can  reasonably  doubt,  although  no  notice  of  them  may  be 
found  in  books.  Such  a  mode  of  raising  water  was  of  little  value  and  not 
thought  worth  recording,  and  but  for  its  introduction  into  some  histories 
of  the  steam-engine,  we  should  not  have  deemed  it  of  sufficient  importance 
to  notice.  Moreover,  the  ordinary  mode  of  charging  eolipiles  which  had 
but  one  minute  orifice,  vis.  by  heating  and  then  plunging  them  in  water, 
must  have  frequently  caused  them  to  produce  liquid  jets,  in  consequence 
of  their  imbibing  too  much,  and  there  being  no  other  way  of  expelling 
the  surplus  than  by  placing  the  instrument  on  the  fire.  Probably  an  eoli- 
pile  was  never  used  that  was  not  occasionally  overcharged  with  the  liquid, 
and  thus  made  to  raise  a  portion  of  it  by  the  elastic  force  of  steam.  At 
any  rate,  no  one  who  was  familiar  with  these  instruments,  from  Heron  to 
Decaus,  could  have  been  ignorant  of  the  fact  that  they  might  be  applied  to 
produce  jets  of  hot  water  as  well  as  of  vapor;  and  few  ever  used  them 
who  did  not  occasionally  make  them  produce  both. 

It  would  be  an  unjust*  reflection  on  Decaus  to  suppose  he  could  not  have 

given  a  better  plan  than  No.  IBS  for  raising  water  &y  sieam,  if  the  project 
ad  been  seriously  entertained  by  him ;  but  there  is  not  the  slightest  ground 
to  believe  he  ever  dreamt  of  applying  that  fluid  to  hydraulic  purposes,  or 
as  a  substitute  for  pumps,  chains  of  pots,  &c.  He  certainly  would  have 
laughed  at  any  one  proposing  a  device  by  which  water  could  not  be  raised 
unttl  the  whole  of  it  was  b6iled,  whether  the  quantity  was  a  pint,  a  hogs- 
head, or  a  million  of  gallons ;  and  in  some  cases  not  until  its  temperature 
far  exceeded  that  at  which  ebullition  in  open  vessels  takes  place.  Why 
then,  it  may  be  asked,  did  he  mention  the  device  at  all  t  Simply  to  show 
that  '*  water  may  he  raised  above  its  level  by  means  of  fire."  Well,  liut 
he  says  that  "  diverse  machines "  may  be  deduced  from  it  True,  and  he 
has  given  a  description  of  one,  from  which  we  may  yidfre  of  the  rest:  tlwsae 
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were  most  likely  mere  trifles — whims  that  suited  the  taste  of  the  age. 
No.  1S9  is  probably  one  of  them,  which  a  contemporaneous  English  author 
adduces  under  "  Experiments  of  mocions  by  rarefying  water  with  fier/* 
and  of  which  ke  also  observes,  other  devices  may  be  derived  from  it. 

Decaus  appears  to  have  read  and  traveled  much,  and  to  have  collected 
knowledge  from  every  source  within  his  reach.  He  .describes  saw-milla 
that  were  used  in  Switzerland,  fire-engines  of  Germany,  canal-locks  which 
he  noticed  between  Venice  and  Padua :  he  cites  Tacitus,  Pausanias  and 
Pliny ;  quotes  largely  from  Heron,  and  refers  his  more  learned  readers  to 
Archimedes,  a  commentary  upon  whose  writings  he  promises  to  undertake. 
Of  course  he  was  acquainted  with  the  works  of  Porta,  for  this  Neapolitan 
philosopher  and  his  writings  were  greatly  celebrated  throughout  Eu- 
rope. Now  had  Decaus  turned  his  thoughts  at  all  to  the  elevation  of  water 
by  steam,  he  would  at  once  have  perceived  the  advantages  of  a  device 
like  No.  137,  by  which  the  liquid  could  be  raised  in  unlimited  quantities 
without  being  heated  at  all,  as  well  as  under  all  possible  circumstances : 
and  having  perceived  this,  would  he  not  (if  the  project  of  thus  raising 
water  had  ever  entered  his  head)  have  given  it,  or  a  modification  of  it, 
instead  o£  No.  188 1  It  is  clear  that  he  wanted  an  illustration  of  a  propo- 
sition merely,  and  the  one  he  has  given  he  considered  as  good  as  any 
other. 

As  long  as  the  Natural  Magic  and  the  Spiritali  of  Porta  are  admitted 
to  have  been  published,  the  former  about  fifty  and  the  latter  at  least  ten 
years  before  the  work  of  Decaus,  there  is  little  if  any  thing  whereon  to 
found  a  claim  for  the  latter.  If  we  were  to  concede,  what  certainly  is  not 
**  established  beyond  dispute,  that  the  first  idea  of  raising  a  weight  by  means 
of  the  elastic  power  of  steam  belpngs  to  the  French  author,"  the^cic^  would 
still  remain  that  the  Neapolitan  had  long  before  shown  how  this  could  be 
i>oNE ;  and  M.  Arago  has  himself  observed,  that  **  in  the  arts,  as  in  the 
sciences,  the  last  comer  is  supposed  to  be  acquainted  with  the  labors  of 
those  who  preceded  him — all  denial  in  this  respect  is  without  value."  The 
object  o£  Porta  in  introducing  the  device  referred  to  was  not  to  show  its 
application  to  raise  water,  and  it  is  not  fair  to  conclude  that  he  was  igno- 
rant of  its  adaptation  for  that  purpose  because  he  has  not  gone  out  of  his 
way  to  point  it  out  It  has  also  been  objected,  that  his  apparatus  raised 
the  liquid  to  a  very  limited  height.  We  do-  not  know  that  Decaus's  did 
more,  for  we  are  only  told  that  the  contents  of  the  ball  would  be  driven 
out,  without  the  slightest  intimation  of  an  elevated  discharge.  Well,  (an 
advocate  of  the  latter  will  say)  but  his  apparatus  is  capable  of  raising  wa- 
ter to  all  heights.  And  so  is  Porta's.  But  had  Porta  "  the  least  idea  of 
the  great  power  which  steam  is  susceptible  of  acquiring  ]"  The  extracts 
which  we  have  given  from  his  Natural  Magic,  on  the  rupture  of  vessels 
by  steam,  prove  that  he  was  well  aware  of  it ;  and  the  book  from  which 
these  extracts  are  taken  was  his  earliest  production,  being  published  in 
1560,  at  which  time  (he  observes  in  the  preface)  he  was  only  about  fifteen 
years  old.  To  conclude,  we  are  constrained  to  embrace  the  opinion,  not- 
withstanding the  arguments  and  eloquence  of  M.  Arago,  that  the  device 
described  by  Decaus  brought  to  light  no  new  fact,  an4  g^ve  rise  to  no  new 
or  useful  result.' 

Although  instances  rarely  occur  in  the  arts  in  which  the  elevation  of 
hot  water  by  the  steam  evolved  from  it  could  be  of  service,  there  are  some, 
as  in  chemical  manipulations,  in  a  few  breweries  and  distilleries,  and  also 
in  soap  manufactories.  The  operation  in  the  latter  is  worth  noticing  :— 
In  the  ordinary  process  of  manufacturing  common  hard  soap,  three  or  four 
tons  are  oAen  made  at  once  in  a  deep  iron  vat  or  boiler.   Into  this  severaJ 
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hundred  gallons  of  ley,  with  the  other  ingredients,  tallow,  rosin,  lime,  Jcc 
are  put.  After  the  whole  has  been  several  times  boiled,  the  semi-fluid 
mass  is  suffered  to  remain  some  time  at  rest,  when  the  ley  collecting  at  the 
Dottom  leaves  a  thick  stratum  of  soap  formed  above.  As  no  openings  are 
made  in  the  sides  or  bottom  of  the  boiler,  the  hot  ley  is  drawn  off  at  the 
top,  and  is  usually  done  by  a  common  pump.  Long  after  the  fire  is  with- 
drawn steam  continues  to  rise  from  the  liquid  below ;  for,  from  the  vast 
mass  of  heated  materials,  their  non-conducting  property,  and  that  of  the 
furnace,  the  heat  is  slowly  dissipated.  The  soap  in  the  mean  time  acquires 
a  firmer  consistence,  and  prevents  the  vapor  from  escaping  above  almost  as 
effectually  as  the  bottom  of  the  boiler  does  below ;  so  that  not  until  the 
steam  attains  considerable  elastic  force  can  it  open  a  passage  through, 
find  when  it  does  the  opening  is  instantly  closed  as  before.  When  there- 
fore the  pump  is  pushed  through  the  whole  to  the  bottom  of  the  vat,  and 
started  to  work,  the  liquid  continues  of  itself  to  pass  up,  being  urged  by 
the  steam.  (It  is  necessary  to  work  the  pump  at  first  because  the  open- 
ings in  its  end  become  stoppeu  with  soap  in  passing  it  down.  The  end 
of  a  plain  tube  would  be  choked  in  the  same  way  ;  but  by  a  pump  at- 
tached to  it,  the  pressure  of  the  atmosphere  is  added  to  that  of  the  steam 
to  force  the  passage  open.)  The  large  body  of  soap  keeps  settling  down 
as  the  ley  is  discharged,  and  thus  preserves  the  steam  at  the  same  degree 
of  tension  until  all  the  ley  is  ejected,  when  the  steam  itself  escapes  also 
through  the  pump.  The  soap,  it  will  be  perceived,. acts  as  a  flexible  pis- 
ton, its  adhesion  to  the  sides  of  the  boiler  and  its  spissitude  and  weight 
effectually  confining  the  vapor  below. 

Of  the  origin  of  this  mode  of  raising  ley,  and  the  extent  to  which  it  is 
practiced,  we  are  not  informed.  It  aff(»rds  however  an  example  of  the 
truth  of  the  remark,  that  important  results  may  be  deduced  from  attention 
to  simple  facts,  as  well  as  from  the  observance  of  common  products.  An 
examination  of  the  residuum  of  a  soap-boiler's  kettle,  it  is  well  known,  led 
to  the  discovery  of  a  new  chemical  element,  (iodine,)  and  of  its  virtues  as 
a  specific  in  the  cure  of  the  goitre;  and  from  the  preceding  remarks  it  may 
he  inferred,  that  an  observing  Greek  or  Roman  soap-boiler  might  have 
discovered  the  applicability  of  steam  to  raise  water,  since  he  possessed  all 
the  requisite  machinery  in  his  ordinary  apparatus,  and  might  have  per- 
formed the  operation  as  often  as  he  made  soap.  His  ingenuity  would  also 
have  been  rewarded  by  a  diminution  of  his  labor.  And  who  can  prove 
that  such  a  plan  was  not  in  use  in  some  of  the  old  soap-factories  of  former 
times  1  In  that,  for  example,  which  has  been  discovered  in  Pompeii,  in 
one  apartment  of  which  are  the  vats,  placed  on  a  level  with  the  ground, 
and  in  another  were  found  heaps  of  lime  of  so  superior  a  quality  as  to 
have  excited  the  admiration  of  modem  manufacturers.* 

Of  the  manipulations  of  ancient  mechanics  and  manufacturers  we  know 
little  or  nothing.  Of  the  thousands  of  their  devices,  many  valuable  ones 
have  certainly  been  lost.  Some  of  these  have  been  revived  or  rediscovered 
in  modern  times,  among  which  we  think  may  be  mentioned  various  appli 
cations  of  steam.  There  were  indeed  so  many  occasions  for  the  employ- 
ment of  this  fluid  by  the  ancients,  and  particularly  in  raising  of  water,  that, 
taken  in  connection  with  the  information  respecting  it  in  the  Spiritalia,  the 
part  it  was  made  to  perform  in  the  temples,  the  traces  of  it  in  the  hot 

■  Soap  miut  have  been  an  eipenaive  article  among  the  Greeks,  at  leajit  aoch  as  wac 
nrad  in  tho  toilette,  if  we  were  to  judge  from  the  amount  that  Demetrius  extorted  fron 
the  AtheiiiaiM,  viz.  250  talents,  which,  says  Plutarch,  "  he  gave  to  Lamia  and  bis  other 
mistreiMs  to  bm§  joop." 
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baths  at  Rome,  and  the  apparatus  of  Anthemius,  by  vrhich  last  '*t  was 
adapted  to  a  very  novel  purpose  as  a  motive  aeent,  thus  exhibiting  re- 
sources in  its  appplication  that  could  only  be  derived  from  experience-^ 
we  cannot  divest  ourselves  of  the  idea  that  the  ancients  were  better  ac- 
quainted with  the  mechanical  properties  of  steam  and  it^  application  to  the 
arts  than  is  commonly  supposed. 

But  for  the  destruction  of  the  numerous  libraries  of  the  ancients,  some 
of  which  contained  volumes  that  treated  on  every  subject,  we  should  have 
been  intimately  acquainted  with  their  arts  and  machinery ;  and  but  for 
the  logic  of  Omar,*  we  might  have  been  in  possession  of  those  treatises 
on  mechanics  that  Ctesibius  studied,  and  which  supplied  Heron  with  ma- 
terials for  the  Spiritalia ;  for  the  latter  refers  to  inventions  and  writings  of 
his  predecessors,  and  admits  having  incorporated  some  of  their  produc- 
tions with  his  own.  Possibly  the  very  books  out  of  which  he  selected  the 
applications  of  steam  No.  179  and  No.  180  might  now  have  been  extant. 
The  destruction  of  such  works  as  these  was  a  severe  loss  to  the  world. 
Had  they  been  saved,  the  state  of  society  would  not,  in  the  following 
ages,  have  been  so  greatly  degenerated,  nor  would  the  arts  have  sunk  to 
8o  low  an  ebb.  Mechanics  have  therefore  as  much  reason,  if  not  more,  to 
deplore  the  loss  of  those  volumes  that  treated  on  the  subjects  of  their  pur- 
iiuits,  as  learned  men  have  to  regret  the  destruction  of  those  that  related 
to  literature  oiniy.  It  was  also  easier  to  replace  the  latter  than  the  former 
— to  revive  the  literature  than  the  arts  of  the  ancients ;  for  reflections  on 
history,  politics,  morals,  literature,  romance,  &c.  are  more  or  less  common 
to  our  race  in  all  times,  and  in  every  age  men  will  be  found  to  clothe 
them,  or  selections  of  them,  in  glowing  language ;  whereas  mechanical 
inventions,  though  oiVen  brought  about  by  the  observance  of  common 
facts,  are  frequently  the  results  of  fortuitous  thoughts  which  local  occur- 
rences or  singular  circumstances  induce,  and  if  once  lost  can  hardly  be 
revived,  except  by  congenial  minds  under  similar  circumstances.  Besides, 
it  is  not  by  the  mere  arresting  an  idea  as  it  floats  through  the  mind  that 
discoveries  or  improvements  in  mechanism  are  effected  :  on  the  contrary, 
it  requires  to  be  cultivated  and  matured  by  reflection ;  the  accuracy  of  the 
device  suggested  by  it  has  to  be  tested  by  models,  and  these  by  experi- 
ment, bef'^re  the  incipient  thought  becomes  embodied  in  a  working  ma- 
chine. 

•  Amroii,  his  general,  having  taken  Alexandria,  wrote  for  directions  respecting  the 
disposition  of  the  famous  library  which  it  had  been  the  pride  of  the  Ptolemies  to  collect. 
The  reply  was — if  the  writings  agreed  with  the  doctrines  of  the  Koran,  t/iey  were  mm> 
faff;  and  if  they  did  not,  they  ought  to  t>e  desfroyarf.  The  argument  was  iiresistible, 
and  the  whole  were  burnt. 
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CHAPTER   V. 


F«v  tovtnttoM  IbnMrijr  recorded— Lord  Bocoo  Hfa  project  for  dimioiaf 
Im  prodoced  by  hydnuilk  oiochlaee— EoHpilee— Brwoce^  epplkoUoo  of  Um  Mait  of  ooe  lo  prodi 
aoUoo— Ito  iDtttlUty— Carioiis  extroet  froa  Wilkiaa— Roanejro^  petoot  for  roMtoff  valor  bj 
■•Ibetore  of  atoe  Fifore  illiuCraiiof  Ibo  appUcotaoo  of  atawo,  froa  oa  old  Eogtiek  worit—l 
dorke  fbr  rmieiof  weler  1^  etevoi— John  Bote— Aociqiiity  of  boys'  kitot  to  Eaglud — Diecorecy  of  et- 
■OApherie  preeeoro— Eof ioe  of  oiotioB-^noedoioi  of  OliTer  fivaoe  aad  Joho  Fitch  Eloiticity  aod 
coodooMUkM  ofiteea  Bteom^ofiaei  nodideatioai  of  fuae— A  aoriof  putoa  the  eejeatiil  foatore  n 
botb— CloMiAeatioo  of  OMidera  tteaoi  eagiaee  Gaetricbe^  appoimtae— Tbe  aaao  adopted  ia 
giaei    Oaerricke  oae  of  Che  aachon  of  Ihe  eteoa-oaf  lao. 


How  few,  how  exceedingly  few  of  the  conceptions  and  experimental 
researches  of  mechanics  have  ever  been  recorded !  How  many  millions 
of  men  of  genius  have  passed  through  life  without  making  their  didcove*< 
ries  known  I  Even  since  printing  was  introduced,  not  a  moiety  of  those 
who  possessed  in  an  unusual  degree  the  faculty  of  invention  have  pre- 
served any  of  their  ideas  on  paper.  Of  some  men  celebrated  for  the  no- 
velty of  their  devices,  nothing  is  known  but  their  names ;  they  have  gone» 
and  not  a  tracq  of  their  labors  is  left.  Of  others,  the  title  by  which  they 
designated  their  inventions  is  nearly  all  that  has  come  down — no  particu- 
lars by  which  we  might  judge  of  their  merits.  This  is  the  case  with  many 
of  the  old  experimenters  on  steam,  especially  those  who  raised  or  at- 
tempted to  raise  water  by  it  Among  these  we  have  sometimes  thought 
hard  Bacon  should  have  a  place,  under  thie  impression  that  he  employed, 
or  designed  to  employ,  that  fluid  to  raise  water  from  the  deluged  mines 
which  he  undertook  to  recover.  He  obviously  had  some  new  modes  and 
machines  for  the  purpose.  An  account  of  these  he  laid  before  the  Ring, 
(Jamej  I)  who  approved  of  the  project,  and  consented  that  the  aid  of 
parliament  should  be  invoked.  In  the  "  Speech  touching  the  recovery  of 
drown'd  mineral  works,"  which  Bacon  prepared  to  be  delivered  before 
parliament,  is  the  following  passage  :  "  Ana  I  may  assure  your  Lordships 
that  all  my  proposals,  in  order  to  this  great  archity  pe,  seemed  so  rational  and 
feasable  to  my  Royal  Sovereign,  our  Christian  Salomon,  [1]  that  I  thereby 
prevailed  with  his  Majesty  to  call  this  honorable  Parliament,  to  confirm 
and  impower  me,  in  my  awn  way  of  mining,  by  an  act  of  the  same."^  This 
great  man  was  therefore  in  possession  of  a  novel  plan  of  accomplishing 
one  of  the  most  arduous  undertakings  in  practical  hydraulics;  and  so  im- 
pressed with  a  belief  in  its  efRciency  that  the  king  was  induced  by  him  to 
call,  or  afl;ree  to  call,  a  parliament,  chiefly  it  would  seem  to  give  sanction 
to  it  What  the  plan  was,  we  are  not  informed,  nor  is  any  account  of  it 
believed  to  be  extant.  Dr.  Tenison,  (Archbishop  of  Canterbury)  the  au- 
thor of  '*  Baconiana,'*  alluding  in  1679  to  Bacon's  *'  Mechanical  Inventions," 
observes,  *'  His  inttrumfnU  and  ways  in  recovering  deserted  mines,  I  can 
give  no  account  of  at  all ;  though  certainly,  without  new  tools,  and  peculiar 
tntfentiont,  he  would  never  have  undertaken  that  new  and  hazardous 
work."**  That  the  project  consisted  chiefly  in  some  peculiar  mode  of 
raising  the  water  is  certain ;  and  it  is  worthy  of  remark  that  a  member  of 


•  Baconians.  Lond.  1679,  p.  133.     ^  '<  An  Aecount  of  all  tiie  Lord  Bacon's  WorW 
•objoined  to  Baeoniana,  p.  17. 
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his  household  was  a  mining  engineer,  and  celebrated  for  the  invention  or 
construction  of  hydraulic  engities,  viz.  *'  Mr.  Thomas  BusJieUj  one  of  his 
lordship's  menial  servants ;  a  man  skilful  in  discovering  and  opening  of 
mines,  and  famous  for  his  curious  water-fcorks  in  Oxfordshire,  by  which 
he  imitated  rain,  hail,  the  rainbow,  thunder  and  lightning."*  This  was 
probably  the  same  individual  who  is  mentioned  in  some  biographies  as 
"  Master  of  the  Royal  Mines  in  Wales,"  under  Charles  I. 

That  the  application  of  steam  to  drain  mines  and  impart  motion  to  ma- 
chinery had  begun  to  excite  attention  in  England  before  the  death  of  Ba 
con,  (m  1626)  is  very  obvious.  Of  this  there  are  several  indications ; 
and  within  four  years  of  his  demise,  a  patent  was  granted  for  a  method  of 
discharging  water  **  from  low  pitts  by  fire,**  Then  he  was  acquainted 
with  the  writings  of  Porta,  and  consequently  with  the  apparatus  No.  187. 
No  ex|:>eriment  or  fact  of  the  kind  illustrated  by  this  could  have  escaped 
him,  even  if  he  had  not  been  engaged  in  the  project  of  recovering  flooded 
mines ;  and  he  was,  to  say  the  least,  as  likely  as  any  other  man  of  his  age 
to  perceive  the  adaptation  of  such  an  apparatus  as  No.  187  for  raising  wa- 
ter, and  also  to  apply  it.  We  hear  of  no  such  uses  of  steam  in  England 
before  his  time,  but  soon  after  his  death  they  make  their  appearance  with- 
out any  one  very  distinctly  to*  claim  them.  It  may  however  be  said,  if 
Bacon  raised  water  by  steam,  Bushell,  his  engineer,  would  most  likely 
have  done  the  same  after  the  death  of  the  chancellor,  and  proofs  of  this 
&ct  mierht  be  obtained  from  an  examination  of  the  water-works  of  the 
latter.  Had  we  any  account  of  these,  the  question  most  likely  could  be 
fettled ;  but  almost  the  only  information  we  have  respecting  the  machines 
and  labors  of  Bushell  is  contained  in  the  extract  above,  and  there  is  but 
one  particular  from  which  any  thing  respecting  their  construction  can  be 
inferred,  viz.^-AatZ  is  said  to  have  been  produced  by  them.  How  this 
was  done  we  know  not ;  possibly  by  admitting  high  steam  into  a  close 
vessel,  from  which  water  mixed  with  aiH*  was  expelled  with  a  velocity 
sufficient  to  produce  ice.  somewhat  in  the  same  manner  as  the  operation  is 
performed  by  compressed  air  in  the  pressure  engine  described  at  page  362. 
The  same  thing  was  done  by  others  who  we  know  did  experiment  on 
steam,  and  who  performed  the  operation  without  the  aid  of  a  great  fall  of 
water.  The  Marquis  of  Worcester  makes  it  the  subject  of  the  18th  pro- 
position of  his  **  Century  of  Inventions,"  in  a  fountain  which  he  says  a 
child  cuuld  invert.  And  a  century  before,  Cornelius  Drebble  "  made 
certain  machines  which  nrnduced  rain,  hail  and  lightning,  as  naturally  as 
if  these  effects  proceedea  from  the  sky." 

But  whether  Lonl  Bacon  used  steam  or  not — and  it  must  be  admitted 
that  there  is  no  direct  evidence  that  he  did^it  is  interesting  to  know  that 
his  great  mind  was  bent  to  the  subject  of  raising  water  on  the  most  ex  • 
tensive  scale,  and  this  too  at  the  time  when  steam  first  began  to  be  propo 
sed  for  that  purpose  in  England.*  On  this  account,  if  on  no  other,  are  hia 
labors  entitled  to  notice  here.^ 


*  Account  of  Lord  Bacon's  Works,  p. 
^  Dr.  (afterwards  Bishop)  Burnett,  in 


19. 

his  Letters  from  Italy,  noticing  the  water-works 
atFrescati,  observes,  *' the  mixture  of  wind  with  the  water  and  the  thunder  and  storms 
that  thismaketh,  is  noble.'*    3d  edition,  Rotterdam,  1687,  p.  245. 

'  Lord  Bacon  seems  to  have  been  greatly  interested  in  mining  and  in  the  reduction, 
compounding  and  working  of  metals.  In  his  treatise  on  the  Advancement  of  Learning 
he  divides  natural  philosophy  into  the  mine  and  fnrhace,  and  philosophers  into  pioneers 
and  smiths,  or  diggers  and  hammerers;  the  former  being  engaged  in  the  inquisition  of 
causes,  and  the  latter  in  the  production  of  effects.  In  his  *'  Physiological  Remains/'  we 
nnd  the  saving  of  fuel  thus  noticed  under  the  head  of*'  Experiments  for  Profit :"  "Build* 
in^  of  chimneys,  furnaces  and  ovens,  to  give  out  heat  with  U$9  wood." 
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Thre«  yean  after  Bacon's  death»  the  first  printed  account  was  published 
of  any  modern  attempt  (yet  discovered)  to  communicate  motion  to  solids 
by  steam,  and  as  usucd  an  eolipile  was  employed.  Occupying  a  place  on 
the  domestic  hearth,  as  this  instrument  did,  the  shrill  current  proceeding 
from  it  must  have  often  excited  attention,  and  led  ingenious  men  to  ex- 
tend the  application  of  the  blast  to  other  purposes.  The  first  idea  that 
would  occur  to  a  novice  when  attempting  to  obtain  a  rotaiy  movement 
from  a  current  of  vapor,  would  be  that  of  a  li^ht  wheel,  having  its  wings 
or  vanes  placed  so  as  to  receive  the  impulse,  m  a  similar  manner  as  littla 
paper  wheels  are  made  to  revolve,  which  children  support  on  a  pin  or 
wire  and  blow  round  with  the  mouth — or  those  which  resemble  ventil^ 
tors  and  revolve  when  held  against  the  wind  at  the  end  of  a  stick.  These 
toys  are  vertical  and  horisontal  windmills  in  miniature,  and  windmills  and 
smoke-jacks  were  the  only  instruments  in  the  16th  century  that  revolved 
by  currents  of  air.  Hence  it  was  natural  to  imitate  the  movements  of 
these  in  the  first  applications  of  steam;  and  the  more  so  since  steam 
at  that  time  was  generally  considered  to  be  nothing  but  air.*  Such  was 
the  device  of  Criovatmi  Branca^  as  described  in  a  work  entitled  The  Ma- 
ehintf  written  in  Italian  and  Latin,  and  published  at  Rome  in  1629.  The 
volume  contains  sixty-three  engravings.  The  twenty-fifth  represents  an 
eolipile,  in  the  form  of  a  negro's  head,  and  heated  on  a  brazier :  the  blast 
proceeds  from  the  mouth,  and  is  directed  against  pallets  or  vanes  on  the 
periphery  of  a  large  wheel,  which  he  thus  expected  to  turn  round ;  and 
by  means  of  a  series  of  toothed  wheels  and  pinions,  to  communicate  mo- 
tion to  stampers  for  pounding  drugs.  He  proposed  also  to  raise  water  by 
it  with  a  chain  of  buckets,  to  saw  timber,  drive  piles,  &c. 

It  is  hardly  necessary  to  observe  that  the  apparatus  figured  by  Branca 
in  all  probability  never  existed  except  in  his  imagination,  and  that  his 
■tampers,  buckets,  saws,  piles,  &:c.  could  no  more  have  been  moved  by 
the  blast  of  his  eolipile,  than  those  venerable  trees  were  which  Wilkins 
and  older  writers  have  represented  being  torn  up  from  the  earth  by  a  man's 
hreaih'^iJtie  blast  being  directed  against  the  vanes  of  a  wheel,  and  the 
force  multiplied  by  a  series  of  toothed  wheels  and  pinions,  until  its  energy 
could  no  longer  be  resisted  by  the  roots.^  Branca  seems  to  have  had  these 
childish  dreams  in  his  mind  when  he  proposed  a  continuous  stream  of 
•team  from  an  eolipile,  in  lieu  of  intermitting  puffs  of  air  from  a  person's 
mouth.  Italian  writers  have  however  claimed  for  him  the  invention  of 
the  steam-engine,  a  claim  quite  as  untenable  as  that  put  forth  in  behalf  of 
Decaus ;  for,  in  the  first  place,  his  mode  of  producing  a  rotary  motion  hj, 
a  current  of  vapor  was  not  new  :  all  that  can  be  accorded  to  him  in  this 
respect  is,  that  he  perhaps  was  the  first  to  puhluh  a  figure  and  description 
of  It.  Then  it  indicates  neither  ingenuity  nor  research.  There  probably 
never  was  a  boy  that  made  and  played  with  "  paper  windmills"  who  would 
not  have  at  once  suggested  it,  had  he  been  consulted ;  and  when  eolipiles 
were  common,  many  a  lad  doubtless  amused  himself  by  making  his  "  mills" 
revolve  in  the  current  of  vapor  that  issued  from  them.  Moreover,  the 
device  is  of  no  practical  value.  How  infinitely  does  it  fall  short  when 
compared  with  that  of  Heron,  (No.  180.)    The  philosophical  principle  of 

*  A  horizontal  and  a  vortical  windmill  sre  figured  at  folio  49  of  B-iWos'  translation  of 
VitruTiiu,A.D.;i548. 

^  By  the  mnltiplication  of  wheels  and  pinions  it  were  essy  to  have  made,  njs  WiUdns, 

'one  of  Ssmpaoo'fl  hiirs  that  was  thavi  li  off,  to  have  been  of  more  strencth  than  all  of 

Ifaem  w^hen  th«fy  wert  on :  t)y  the  help  of  these  arti  it  is  ponible,  as  I  shairdearanatrats, 

lor  any  man  to  k' ft  up  the  greatest  onk  by  the  roots  with  a  tttmo^  to  puU  \  np  with  a  Aorw 

or  to  blow  it  up  with  his  kvftA."    Moik,  Magic,  book  i«  ehap.  14. 
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recoil  by  whicb  the  Alexandrian  engineer  imparted  motion  by  steam,  has 
oflen  been  adopted,  and  engines  resembling  his  are  made  even  at  this  day; 
but  one  on  the  plan  of  Branca  never  was,  and,  without  presumption  it 
may  be  said,  never  will  be.  The  principle  being  bad,  no  modification  or 
extension  of  it  could  be  made  usetul.  No  boiler  could  by  it  be  made  to 
ivork  even  a  pump  to  inject  the  necessary  supply  of  water. 

Mr.  Farey  has  well  observed  that  steam  has.  so  little  density,  that  the 
the  utmost  effect  it  can  produce  by  percuman  is  very  trifling,  notwith* 
standing  the  great  velocity  with  which  it  moves.  The  blast  issuing  from 
an  eolipile,  or  from  the  spout  of  a  boiline;  tea-kettle,  appears  to  rush  out 
with  so  much  force  that  at  first  sight  it  might  be  supposed  its  power,  on  a 
larger  scale,  might  be  applied  in  lieu  of  a  natural  current  of  wind  to  give 
motion  to  machinery ;  btit  on  examination  it  will  be  found,  that  the  stpam 
being  less  than  half  the  specific  gravity  of  common  air,  its  motion  .s  im- 
peded and  resisted  by  ^e  atmosphere.  As  steam  contains  so  li^*  .e  nuUter 
or  toei^Jity  it  cannot  coinfliunicate  any  considerable  force  by  its  impetus  or 
concussion  when  it  strikes  a  solid  body.  The  force  of  a  current  of  steam 
also  soon  ceases.  This  may  be  observed  in  a  tea-kettle  :  the  vapor  which 
issues  with  CTeat  velocity  at  the  spout,  becomes  a  mere  mist  at  a  tew  inches 
disCuice,  and  without  any  remaining  motion  or  energy ;  and  if  the  issuing 
current  were  directed  to  strike  upon  any  kind  of  vanes,  with  a  view  o? 
obtaining  motion  from  it,  the  condensation  of  the  steam  would  be  still  more 
sudden,  because  the  substance  of  such  vanes  would  absorb  the  heat  of  the 
•team  more  rapidly  than  air. 

Branca's  apparatus  has  been  made  to  figure  in  the  history  of  the  steam- 
engine,  but  with  eaual  propriety  inight  the  child's  windmill  be  introduced 
into  that  of  air-engines,  for  the  analogy  is  precisely  the  same  in  both.  His 
device  had  no  influence  in  developing  modem  engines.  Instead  of  lead- 
ing to  the  employment  of  the  fluid  m  close  vessels,  and  to  the  use  of  a 
piston  and  cylinder,  its  tendency  was  the  reverse  :  hence  so  far  from  indi 
eating  the  right  path,  it  diverted  attention  from  it. 

At  the  time  Branca  was  preparing  his  book  for  the  press,  some  experi- 
ments on  steam  were  being  made  in  England— or  so  it  would  seem  from 
Sanderson's  edition  of  Rymer's  Fosdera.  In  vol.  xix  is  a  copy  of  a  patent 
or  special  privilege  granted  by  Charles  I  to  David  Ramseye,  one  of  the 
grooms  of  the  privy  chamber,  for  the  following  inventions ;  and  dated  Ja- 
nuary 21,  1630 : 

"  1.  To  multiply  and  make  saltpeter  in  any  open  field,  in  fower  acres 
of  ground,  sufficient  to  serve  all  our  dominions.  2.  To  raise  water  from 
low  pitts  hyfire,  3.  To  make  any  sort  of  mills  to  goe  on  standing  toaters, 
hy  continual  mationt  without  the  help  of  ttnnd,  toaite  [weight]  or  horse,  4. 
To  make  all  sorts  of  tapistrie  without  any  weaving  loom,  or  waie  ever  yet 
in  use  in  this  kingdome.  5.  To  make  boats,  shippes  and  barges  to  goe 
against  strong  wind  and  tide,  6.  To  make  the  earth  more  fertile  than 
usual.  7.  To  raise  water  from  low  places,  and  mynes,  and  coalpiits,  by  a 
new  waie  never  yet  in  use,  S.  To  make  hard  iron  soft,  and  likewise  copper 
to  be  tufle  and  soh,  which  is  not  in  use  within  this  kingdome.  9.  To  make 
yellow  wax  white  verie  speedilie."  The  privilege  was  for  fourteen  years, 
and  the  patentee  was  to  pay  a  yearly  rent  of  31.  6s,  Sd,  to  the  king.  Mr. 
Farey  says  that  Ramseye  hpd  patents  for  other  inventions  from  Charles  I, 
but  does  not  enumerate  them.  As  it  was  not  then  customary  to  file  spe- ' 
cifications,  there  is  no  record  of  the  details  of  his  plan. 

It  is  singular  that  English  writers  have  passed  over  this  patent  almost 
without  comment,  and  yet  it  contains  the  first  direct  proposal  to  raise  water 
in  that  country  by  steam  of  which  any  account  has  yet  been  produced. 
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It  may  perhaps  be  said,  that  steam  is  not  mentioned ;  still  it  is  clearly  im> 
plied  m  the  second  device,  and  was  probably  used  in  the  third,  fifth  and 
seventh.  The  very  expression  "  to  raise  water  by  fire,"  is  the  samo  that 
Porta,  Decaus,  and  other  old  authors,  used  when  referring  to  such  ap- 
plications of  steam.  Worcester,  Papin,  Savery  and  Newcomen,  all  de- 
scribed their  machines  as  inventions  for  "raising  water  by  fire;"  and  hence 
they  were  named  *'  fire  water- works,"  "  fire  machines,"  and  *'  fire  engines." 
It  should  moreover  be  remembered  that  the  word  steam  was  not  then  in 
vogue.  It  is  not  once  used  by  the  translators  of  the  Bible.  The  fluid  was 
generally  referred  to  as  air,  or  wind,  or  smoke,  according  to  the  appear- 
ances it  presented.  *'  Rarefying  water  into  ayer  by  fier,"  and  similar  ex- 
pressions, were  common.  The  idea  of  air  in  motion,  or  wind,  was  also 
applied  to  currents  of  steam:  thus  we  read  of  "heating  water  to  make 
wind,"  and  eolipiles  were  designated  "  vessels  to  produce  wind."  From  the 
form  of  clouds  which  steam  assumes  when  discharged  into  the  atmosphere, 
it  was  also  named  smoke:  thus  Job  calls  it,  in  a^passage  already  quoted; 
and  Porta,  in  describing  the  apparatus  No.  1S7,  speaks  of  it  both  as  smoke 
and  air.  "  The  water  [in  the  bottle]  must  be  kept  heatbd  in  this  way  until 
no  more  of  it  remains ;  and  as  long  as  the  water  shall  smoke,  (sfumera) 
the  air  will  press  the  vrater  in  the  box,"  &c.— and  again,  **  from  that  you 
can  conclude  how  much  water  has  run  out,  and  into  how  much  air  it  bas 
oeen  changed."  Had  Ramseye  therefore  called  his  device  a  steam  ma- 
chine, its  nature  would*  not  have  been  so  well  understood  jlb  by  the  title 
he  gave  it,  if  indeed  it  could  have  been  comprehended  at  all  by  Uie  former 
term.  The  expression  "  raising  water  ^f/Jfirf"  appears  to  have  as  dis- 
tinctly indicated,  in  the  17th  century,  a  steam-macbine,  as  the  term  steam' 
engine  does  now ;  and  there  is  no  account  extant  of  any  device  either  pro- 
posed or  used,  in  that  century,  for  raising  water  from  wells  and  hiines  by 
Jire,  except  it  was  by  means  of  steam. 

The  date  of  this  patent  being  so  near  that  of  the  publication  of  Branca*s 
book,  it  may  perhaps  be  thought  that  Ramseye  derived  some  crude  notions 
from  it  of  applying  a  blast  of  steam  to  drive  mills  and  raise  water,  as  sug- 
gested by  the  Italian  ;  but  we  should  rather  sup|M>8e  some  modification  of^ 
or  (h'vice  similar  to,  Porta's  (see  page  408)  was  intended  in  No.  2,  and 
that  Nos.  3,  5  and  7  were  deduced  from  it.  When  once  an  efficient  mode 
of  raising  water  by  steam  (like  No.  187)  was  realized,  some  application  of 
it  to  propel  machinery  would  rea<lily  occur.  We  know  that  both  Savery 
and  Papin  and  others  proposed  to  work  mills,  by  discharging  the  water 
tlioy  raised  upon  overshot  wheels;  and  this  idea  was  so  obvious  and  na- 
tural, that  hundreds  of  persons  have  proposed  it  in  later  times  without 
knowing  that  it  had  previously  been  done. 

Prom  the  order  in  which  the  first  three  devices  are  noticed  in  the  privi- 
lege, it  is  possible  that  they  were  all  modifications  of  the  same  thing;  that 
the  second  and  third  were  deduced  from  the  first,  and  consequenUy  in- 
vented independently  of  any  previous  steam  machines.  The  operation  of 
making  saltpetre  or  nitre  consists  principally  in  boiling,  in  huge  vats  or 
cauldrons,  the  lixivium  coi^taining  the  nitrous  earth ;  and  from  the  large 
quantities  of  water  and  fuel  required,  was  formerly  carried  on  in  such 
places  only  as  afforded  these  in  abundance.  At  such  works,  the  idea  of 
employing  the  vast  volumes  of  vapor  (which  escaped  uselessly  into  the 
air)  to  raise  the  hot,  and  subsequently  cold,  liquids,  would  naturally  occur 
to  an  observing  mind,  and  especially  when  the  subject  of  raising  water  by 
steam  was  exciting  attention.  Certainly  the  idea  was  as  likely  to  occur  to 
practical  men  while  enj^aged  in  the  manufacture  of  nitre  in  the  beginning 
of  the  17th  century,  as  it  was  to  Worcester  and  others  in  tie  middle  dfit 
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and  to  Papin  and  Sarery  at  the  close.  Perhaps  it  will  be  said,  nitre  was 
not  made  m  England  at  that  time,  and  therefore  Ramseye  could  not  have 
taken  the  hint  from  such  works ;  and  that  the  suggestion  could  only  have 
been  derived  from  a  long  practical  experience  in  them,  which  he  probably 
never  had.  This  may  be  Irue,  and  it  is  not  improbable  that  he  was  merely 
an  agent  in  the  business,  having  by  his  influence  at  court  obtained  the 
patent  for  his  own  as  well  as  the  inventor's  benefit.  The  clause  attached 
to  the  8th  device, "  not  in  use  within  t^  kingdome,**  implies  that  they  were 
Dot  all  of  English  ori^n.  But  whatever  were  the  origin  and  details  of  those 
for  raising  water,  it  is  clear  that  the  subject  of  steam  was  then  abroad  in 
the  world,  and  ingenious  men  in  various  parts  of  Europe  were  exercising 
their  wits  to  employ  it. 

It  appears  to  ut  from  the  caption  of  Ramseye's  patent,  that  No.  2  (raising 
water  by  fire)  was  not  the  first  thing  of  the  kind  proposed  in  England, 
since  if  it  were  he  would  have  said  so,  as  well  as  of  No.  8,  (softening  iron 
and  copper)— and  this  further  appears  from  what  .he  remarks  of  No.  7, 
**  raising  water  from  low  places,  mynes  and  coal  pitts,"  probably  an  im- 
provement upon  No.  2,  and  differing  from  all  previous  applications  of 
steam  for  the  purpose ;  henc^^e  are  told  that  it  was  a  "  new  waie/'  one 
**fepver  yet  in  use**  Had  no^fieam  therefore  been  previously  applied  to 
raise  water,  it  is  exceedingly  probable  that  he  would  have  attachea  a  simi- 
lar remark  to  No.  2. 

The  Treatise  on  Art  and  Nature,  mentioned  page  321,  is  the  oldest 

English  book  we  have  met  with  that  illustrates 
the  raising  of  water  by  steam  with  a  cut.  The 
annexed  figure  is  from  page  30.  It  possibly 
may  have  been  deduced  from  the  one  given  by 
Decaus,  (No.  185)  but  we  should  think  not ; 
since,  although  the  volume  is  a  compilation,  and 
two  thirds  of  it  taken  up  with  **  water-works," 
there  is  nothing  except  this  from  which  to  infer 
even  the  slightest  acquaintance  with  Decaus's 
book.  It  seems  to  have  been  copied  without 
alteration  from  some  other  author.  It  is  named 
**^  cfmceited^  Lamp,  having  the  image  of  a  cock 
sitting  on  the  top,  out  of  whxfse  mouth  by  the 
heat  of  the  lamp  either  water  or  ayer  may  be 
sent**  The  device  consists  of  an  eolinile  con- 
taining water  and  heated  by  a  lamp  of  several 
wicks.  The  image  of  the  bird  is  hollow,  and 
communicates  by  a  species  of  three-way  cock 
with  the  steam,  and  also  with  a  pipe  that  de- 
scends into  the  liquid ;  so  that  when  the  bird  is 
turned  round  till  an  opening  in  the  moveable 
disk  to  which  its  lower  part  is  attached  coin- 
cides with  another  which  communicates  ^ath 
the  steam  in  the  upper  part  of  the  vessel,  vapor 
itsues  from  the  mouth ;  and  when  it  is  turned  till  the  upper  orifice  of  the 
pipe  corresponds  with  the  opening  in  the  disk,  then  hot  water  is  driven 
out ;  and  when  the  opening  in  the  disk  does  not  coincide  with  either, 
nothing  can  escape.  After  observing  that  an  opening  with  a  proper  stop- 
per should  be  made  in  the  vessel,  to  charge  it  with  water,  the  writer  con- 

*  No.  45  of  Worcegter'a  Century  of  Inventions,  is  named  "  A  most  conc^ed  Tiuder« 
Box:"  No.  71  ''A  Square  Key  more  coneei/et/ than  any  other;"  and  Nc.  74  "A  coo 
tciitd  Door." 
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le  larrer  yon  make  ibis  tosmI,  th«  more  Krai 
ID  its  efTecta,  ao  the  IiB;hU  [wicks]  be  proporcioiiable. 
hair«  foil  of  water,  ana  aet  the  lighta  on  fire  underneath  it,  amt  afWr  a 
short  time,  if  you  turn  the  holea  that  are  on  the  lidea  nf  the  pipi^a,  tliat 
they  raay  answer  one  another,  tbe  water  being  hy  l!tt)e  and  little  con- 
verted into  ayer  [steam]  by  the  heat  of  tbe  lishts  that  are  underneath,  will 
breath  forth  at  the  mouth  of  (he  cock ;  but  if  you  turn  the  mnuih  of  tha 
cock  ihe  other  way,  that  the  botes  at  the  bottom  of  the  pipes  may  answer 
each  to  other,  then  there  being  no  vent  for  the  ayer  to  breath  out,  it  will 
presse  the  water  and  force  it  to  ascend  the  pipe,  and  issue  nut  where  tha 
aver  breathed  out  before.  This  is  a  thing  may  move  great  ailmiracion  In 
the  unskilful],  and  such  as  understand  it  not.  Otier  derica,  and  thine 
wmch  more  ttrange  t>  tirir  tfftett,  may  he  contrived  from  hence."* 

Kircher,  in  1641,  described  in  his  An  Magitetica*  the  device  for  raising 
water  figured  in  the  margin,  a  model  of  wViich  waa  fnunj 
in  his  museum  after  his  death.  A  close  vessel  containing 
the  water  to  be  elevated  is  connected  by  a  pipe  that  pro- 
ceeds from  its  upper  part  to  the  top  of  the  boiler,  which 
is  supported  on  a  trevet.  When  we  boiler  was  healed, 
steam  ascended  through  the  pipe,  and  accumulating  in  the 
upper  vessel,  forced  the  water  up  the  jet-pipe  as  repre- 

This,  it  will  be  seen,  ia  Peru's  machine  (No.  187) 
adapted  to  the  operation  of  raising  liquids,  which  it  ex- 
hibits in  a  very  neat  and  lutisfactoiy  manner.  Ii  i^  not 
however  equally  clear  that  Rircher  had  any  idea  of  adapt- 
ing the  plan  to  the  draining  of  mines,  or  other  hydraulic 
purposes  in  the  arts.  Had  such  been  the  case,  he  would 
moat  likely  have  mentioned  it  in  his  Mttndm*  Subtrrraiteu*, 
a  work  published  aome  years  afterwards,  and  in  the  se- 
cond volume  of  which  he  figures  and  describes  the  ordi- 
nary machines  then  in  use,  vis.  the  bucket  and  windlass, 
chain  of  pots,  chain  pump,  and  atmospheric  pumps.  Tbe 
form  of  the  model  (an  imitation  of  a  vaae  supported  on  a 
column)  rendered  it  an  appropriate  addition  to  hia  phi- 
—  losophical  apparatua. 

_,  In  1643,  the  great  discovery  of  atmoapheric  preaanre 

ia4L  was  made ;  a  discovery  whose  influence,  like  that  of  tbe 

atmosphere  itself,  ia  felt  more  or  less  in  every  art  end  every 
•cienee.  It  led  in  a  very  short  time  to  a  series  of  inveniions  of  the  higfarst 
value,  among  which  the  reciprocating  steam-engine  should  probably  be 
placed.  We  mention  it  here  in  chronological  order,  that  ita  influence  ia 
developing  and  improving  the  machine  just  named  may  be  more  readily 
appreciated  when  we  come  to  notice  anbsiequent  attempts  to  impart  nMiion 
by  steam. 

•  Mm  IU«,  who  pablwhed  ■  tr* aiiw  on  Fire-i*arin  ■■  1635.  waa  psrhap*  ibe  oompilit 
of  thia  eurioui  volmnfl.  Siiiill.  in  hi*  Sporu  and  Paaliinea  of  llie  Penple  nf  EoglaDd, 
quote*  Biw'a  book,  but  it  would  aeetn  mat  the  ume  cul*  were  not  in  both,  for  whfi 
apenking  othoft'h/ti,  Binitt  obiiervaii  thai  tha  earlieat  BalKe  ortbem  that  bs  omiMGnd 
inbonki  waa  in  an  English  and  French  DifltioRDr;  a(  lii90;  wheieaa  thars  ia  a  fisun 
of  a  man  flfinf  one.  with  crachan  and  olhar  fire-works  atlashvd  W  the  tail,  ialbe  av- 
cond  pan  or-' Art  and  Nature." 

*  'nil!  work  wai  published  in  qnarlo.  at  Rnina  and  Colonne.  in  1641  t  aad  in  (oliA 

at  Rome,  in  1654.     Caialngue  of         '         '     " 
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'  Some  remsikabiy  iitgemous  experimentalists  flourisbed  abcattVe  middle 
of  the  17 til  eentary,  whose  names  have  perished ;  and  of  their  labors  no- 
thing is  known,  except  an  enumeration  of  the  uses  to  which  some  of  their 
inventions  could  be  applied.  An  example  of  this  is  furnished  by  an  ano- 
nymous pamphlet,*  published  in-1651,m>m  which  the  following  extract  is 
taken;  The  device  referred  to  seems  to  have  possessed  every  attribute 
of  a  modern  high-pressure  engine,  and  the  various  applications  of  the  lattei 
appear  to  have  been  anticipated.  *'  Whereas,  by  the  blessing  of  God, 
who  only  is  the  giver  of  every  good  and  perfect  gift,  while  I  was  search* 
ing  after  that  which  ma\y,  far  before-  me  in  all  humane  learning,  have 
sought  but  not  yet  found,  viz.  a  pernetual  motion,  or  a  lessening  the  dis. 
tance  between  strength  and  time ;  though  I  say,  not  that  I  have  fully  ob- 
tained the  thing  itself,  yet  I  have  advanced  so  near  it,  that  already  I 
can,  with  the  strength  or  helpe  of  four  men,  do  any  work  which  is  done  in 
£ngland,  whether  by  winde,  water  or  horses,  as^die  g^nding  of  wheate, 
rape,  or  raising  of  water ;  not  by  any  power  or  wisdome  of  mine  own; 
but  by  God's  assistance  and  (I  humbly  hope,  after  a  sorte,)  immediate  di- 
rection, I  have  been  guided  in  that  search  to  treade  in  another  pathe  than 
ever  any  other  man,  that  I  can  hear  or  reade  of,  did  treade  before  me ; 
yet,  with  so  good  success,  that  /  have  already  erected  one  little  engine,  or 
great  tnodel^  at  Lambeth,  able  to  give  sufficient  demonstration  to  either 
artist  or  other  person,  that  my  invention  is  useful  and  beneficial,  (let  others 
suy  upon  proof  how  much  more,)  as  any  other  way  of  working  hitherto 
known  or  used."  And  he  proceeds  to  give  *'  a  list  of  the  uses  or  applica- 
tions for  which  these  engines  are  fit,  for  it  is  very  difficult,  if  not  impossi- 
ble, to  name  them  all  at  the  same  time.  To  grind  malt,  or  hard  corne ; 
to  grind  seed  for  the  making  of  oyle ;  to  grind  colours  foi*  potters,  painters, 
or  glasse-houses ;  to  grind  barke  for  tanners ;  to  grind  woods  for  dyers ; 
to  grind  spices,  or  snuffe,  tobacco ;  to  grind  brick,  tile,  earth,  or  stones  for 
plaster;  to  grind  svgar-canes ;  to  draw  up  coales,  stones,  ure,  or  the  like, 
or  materials  for  great  and  high  buildings;  to  dratotvyre;  to  draw  water 
from  mines,  meers,  or  fens ;  to  draw  water  to  serve  cities,  townes,  castles; 
and  to  draw  water  to  flood  dry  grounds,  or  to  water  grounds  ;  to  draw  or 
hale  gkipt,  boater,  Sfc.  up  rivers  against  the  stream  ;  to  draw  carts^  wagons^ 
4c«  a^  fast  vnthomt  cattd :  to  draw  Oie  plough  without  cattel  to  the  same 
despatch  if  need  be;  to  brake  hempe,  flax,  &c.;  to  weigh  anchors  with  less 
trouble  and  sooner;  to  spin  cordage  or  cables ;  to  bolt  meale  faster  and 
fine ;  to  saw  stone  and  timber ;  to  polish  any  stones  or  mettals ;  to  tume 
any  great  works  in  loood,  stone,  mettali,  ^.  that  could  hairdly  be  done  be- 
fore ';  to^file  much  cheaper  in  all  great  works;  to  bore  wood,  stone,  mettals; 
to  thrashe  corne,  if  need  be;  to'winnowcome  at  all  times,  better,  cheaper, 
&c.  For  paper  mills,  thread  mills,  iron  mills,  plate  mills ;  cum  multis 
alOsV  If  this  extraordinary  engine  of  motion,  observes  Mr.  Stuart,  to 
whom  we  are  indebted  for  the  extract,  was  not  some  kind  of  a  steam ' 
engine,  the  knowledge  of  an  equally  plastic  and  powerful  motive  agent 
has  been  utterly  lost. 

Steam  is  not  here  indicated,  but  it  is  difficult  to  conceive  any  other 

'agent,  unless  some  explosive  compound  be  supposed,  by  which  the  pres^ 

sure  of  the   atmosphere  was  excited.     That  the  engine  consisted  of  a 

workhig  cylihder  and  piston,  and  the  latter  moved  by  steam,  must  we 

^^■^i— i— i—^»^— i^^"^-^— — ^— — ^™  -M^M  ^^^— ^  —  ■■     ^     M«l  I  ■  ■  ■  ■■■■■—■■Ml  PI  ■■■     ■       ■      I      ■    ^Ml  .-i^^^ 

*  JntMniion  of  £nginaof  Motion  lately  brought  toptffution ;  **  whereby  may  be  despatch- 
ed any  work  now  done  in  England,  or  elsewhere,  (ettpecialty  works  that  require  stren^^th 
ahd  iwiAness,)  either  by  water,  wind,  cattel,  or  meUt  and  that  with  better  accommod» 
tion  sod  more  profit  than  by  any  tiling  hitherto  known  and  ased."    London,  1651. 
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tbiuk  be  admitted ;  for  althous^h  most  of  the  operations  Dsendoned  might 
have  been  performed  by  forcing^  up  water  on  an  overshot  wheel,  by  an 
apparatus  similar  to  Papin's  or  oavery's  steam-engines,  there  are  others 
to  which  such  a  mode  was  quite  inapplicable,  as  raising  of  anchors,  or 
propelling  carts,  wsgons  and  ploughs.  The  inventor,  wnoever  he  was, 
has  given  proofs  of  an  extraordinary  sagacity,  for  every  operation  named 
by  him  is  now  effected  by  the  steam-engine,  except  raising  the  anchors  of 
steam-vessels  and  ploughing.  The  latter  is  at  present  the  subject  of  ex- 
periment, and  the  former  will  in  all  probability  be  soon  adopted.  The 
author's  labors  were  most  likely  not  appreciated  by  his  contemporaries^ 
and  as  the  world  is  always  too  apt  to  think  the  worst  in  such  cases,  the 
whole  will  probably  now  be  set  down  by  some  persons  as  the  dream  of  a 
•anguine  projector-— the  judgment  commonly  passed  upon  those  who  are 
in  advance  of  the  aepe  they  live  in.  Of  this  lamentable  truth  several  ex- 
amples will  be  found  in  this  volume,  and  in  the  history  of  every  important 
invention.  We  shall  notice  two  here,  as  they  relate  to  two  of  the  most 
valuable  applications  of  steam.  Oliver  Erans,  in  1786,  urged  upon  a 
committee  of  the  legislature  of  Pennsylvania,  the  advantages  to  be  derived 
from  steam-boats  and  "  steam* wagons,"  and  predicted  their  universal 
adoption  in  a  short  time.  The  opinion  which  the  committee  formed  of 
him  was  expressed  a  few  years  afterwards,  by  one  of  its  members,  in  the 
following  words:  "To  tell  you  the  truth,  Mr.  Evans,  we  thought  you 
were  deranged  when  you  spoke  of  making  tteam-wctgcns*^  The  oUier 
relates  to  John  Fitch,  a  clock  and  watch  maker,  than  whom  a  more  inge- 
nious, persevering  and  unfortunate  man  never  lived.  In  spite  of  difficulties 
that  few  could  withstand,  he  succeeded  in  raising  the  means  to  construct 
a  steam-boat,  which  he  ran  several  times  from  Philadelphia  to  Burlington 
and  Trenton  in  17Sd.  As  a  first  attempt,  and  from  the  want  of  proper 
manufactories  of  machinery  at  the  time,  it  was  of  necessity  imperfect: 
then  public  opinion  was  unfavorable,  and  the  shareholders  finally  aban- 
doned the  scheme.  His  feelings  may  be  imagined,  but  not  described ; 
for  he  saw  and  predicted  the  glory  that  awaited  the  man  who  should  suc- 
ceed in  introducing  such  vessels  in  more  favorable  times.  '*  The  day  will 
come  [he  observes]  when  some  more  powerful  man  will  get  fame  and 
riches  by  my  invention,  but  nobody  will  believe  that  poor  John  Fitch  can 
do  any  thing  worthy  of  attention."  He  declared  that  within  a  century 
the  western  rivers  would  swarm  with  steam- vessels,  and  he  expressed  a 
wish  to  be  buried  on  the  margin  of  the  Ohio,  that  the  music  of  marine  en- 
gines in  passing  by  his  grave  might  echo  over  the  sods  that  covered  him. 
In  a  letter  to  Mr.  Rittenhouse,  in  1792,  he  shows  the  applicability  of  steam 
to  propel  ships  of  war,  and  asserts  that  the  same  agent  would  be  adopted 
to  navigate  the  Atlantic,  both  for  packets  and  armed  vessels.  Descanting 
on  one  occasion  upon  his  favorite  topic,  a  person  present  observed  as  Fitch 
retired,  "  poor  fellow!  what  a  pity  he  is  crazy !"  He  ended  his  life  in  a 
fit  of  insanity  by  plunging  into  the  Allegany.* 

In  tracing  the  progress  of  discovery  which  resulted  in  the  steam-engine. 
We  have  seen  that  the  two  grand  properties  of  aqueous  vapor — its  elastic 
energy,  and  the  instant  annihilation  of  this  energy  by  condensation^were ' 
well  known  in  the  16th  century.  On  these  properties  of  steam  were  based 
mil  the  efforts  of  experimenters  to  accomplish  the  two  great  objects  they 
had  in  view ;  i.  e.  to  impart  motion  by  it  to  general  mechanism,  and  to 
employ  it  as  a  substitute  for. pumps  to  raise  water.     Before  either  the 

•  Supplement  to  Art^  "  Steam- Boat.*'  Ed.  Encvclopedia,  by  Dr.  Mease ;  and  Walsoa'i 
•*  Early  Setaemem  and  ProgreM  of  Philadc'phta,"  dtc.    Pfail.  1833. 
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elastic  force  or  the  condensation  of  steam  could  be  beneficially  applied  to 
give  motion  directly  to  solids,  some  plan  very  different  from  that  ot  Branca 
was  required-^one  by  which  the  nuid  could  be  used  in  close  vessels. 
Now  there  is  in  the  whole  range  of  mechanical  combinations  but  one  de- 
vice of  the  kind  yet  known,  and  it  has  but  few  modifications,  viz.  ajfiston 
and  cylinder .  Experience  has  proved,  that  of  all  contrivances  for  trans- 
mitting the  force  of  highly  elastic  fluids  to  solid  bodies,  this  is  the  best. 
Thus  guns  are  cylinders,  and  bullets  are  pistons,  fitted  to  fill  the  bore  and 
at  the  same  time  to  move  through  the  straight  barrels.  It  is  the  same, 
whatever  the  impelling  agent  may  be;  whether  gun-powder,  steam,  or 
compressed  air.  The  air-guns  of  Ctesibius  are  the  oldest  machines  of 
the  kind  on  record,  and.  from  them  we  see  tKat  the  ancients  had  detected 
diis  mode  of  employing  aeriform  fluids. 

Steam-engines  simply  considered  are  but  modifications  of  guns.  In  the 
latter,  the  bullet  or  piston  is  driven  entirely  out  of  the  cylinder,  and  in 
one  direction  only,  because  the  intention  is  to  impart  the  momentum  to  a 
distant  object  at  a  blow  :  but  by  the  former  the  design  is  to  derive  from 
the  moving  bullet  a  continuous  force ;  hence  it  is  not  allowed  to  leave  the 
cylinder,  but  is  made  to  traverse  incessantly  backwards  and  forwards 
within.  In  order  to  transmit  its  impetus  to  the  outside  of  the  cylinder 
and  to  the  objects  to  be  acted  upon,  a  straight  rod  is  attached  to  it,  and 
made  to  slide  through  an  opening  in  one  end  of  tho  cylinder.  It  is  by 
means  of  this  rod  that  motion  is  imparted  to  the  machinery  intended  to  be 
moved.  All  the  mechanism,  the  wheels,  cranks,  shafts,  drums,  &c.  of 
steam-engines  are  but  appendages  to  the  cylinder  and  piston ;  they  may 
be  removed  and  the  energy  of  the  machine  still  remains;  but  take 
away  either  cylinder,  or  piston  and  the  whole  becomes  inert  as  the  limbs 
of  an  animal  whose  heart  has  ceased  to  beat.  Therefore  it  is  the  working 
cylinder  and  piston  alone  that  give  efficiency  to  modern  steam-engines ; 
and  it  is  to  those  persons  who  contributed  to  introduce  them,  that  the 
glory  attending  the  invention  of  these  great  prime  movers  is  chiefly  due. 

Whatever  may  be  said  respecting  more  ancient  applications  of  steam  as 
a  moving  power,  modern  engines  are  one  of  the  results  of  the  discovery 
of  atmospheric  pressure.  AH  the  early  ones  of  which  descriptions  are 
extant  were  rather  a/r  than  steam  machines,  not  being  moved  by  the  latter 
fluid  at  all.  Their  inventors  had  no  idea  of  employing  the  elastic  force 
of  steam,  but  confined  themselves  to  the  atmosphere  as  a  source  of  motive 
force :  hence  they  merely  applied  steam  in  lieu  of  a  syringe  to  displace 
air  from  a  cylinder,  that,  when  the  vapor  became  condensed  by  cold  into 
a  liquid,  the  atmosphere  might  force  down  the  piston.  That  this  was  the 
way  in  which  modern  engines  took  their  rise  appears,  further,  from  the 
same  feature  being  retained  in  a  great  portion  of  them  to  this  day.  They 
are  now  ranged  in  three  classes — 1st  atmospheric,  2d  low  pressure,  and  3a 
high  pressure  engines;  and  this  we  know  is  the  order  in  which  they  were 
developed.  In  the  first,  the  power  is  derived  exclusively  from  the  atmos- 
phere, the  vapor  employed  being  used  only  as  a  substitute  for  an  air-pump 
m  making  a  vacuum  under  the  piston.  In  process  of  time  the  second  wns 
devised,  m  which  the  elastic  force  of  steam  is  made  to  act  against  one  side 
of  the  piston,  while  a  vacuum  is  formed  on  the  opposite  side.  The  next 
step  was  to  move  the  piston  by  the  steam  alone,  and  such  are  named  high- 
pressure  engines.  The  term  «/^am-engine  is  therefore  not  so  definite  as 
tome  persons  might  suppose,  since  it  is  not  confined  to  those  in  which 
steam  is  the  prime  mover.  Had  it  not  been  for  Torricelli*s  discovery,  it 
is  possible  that  we  should  never  have  known  any  other  species  of  steam- 
engine  than  those  of  the  third  class;  and  hence  we  repeat,  that  whatever 
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may  be  tkought  of  engines  mule  previous  to  the  ITtli  centui^,  tliota  of 
.'no^ern  dnyg  were  obviously  derive^  from  umospheric  ones  of  ibe  first 
cluB,  while  these  in  their  turn  were  very  liltely  deduced  from  the  spps^ 
ratiu  deocribed  in  the  next  peragrapli. 

Otto  Ghieiricke,  of  whom  we  spoke  at  page  190,  one  of  the  e&rliest,  and 

M  &r  U  meohanicai  ingenui^  went  perhaps  the  moat  gifted,  of  the  early 

elucidators  of  atmoBpheiic  pressure. 


application  of  that  pressure  as  a  mo 
tive  force.  A  large  cylinder.  A,  was 
Drmly  secured  to  a  post  or  frame. 
It  was  open  at  the  top  and  closed  at 
the  bouom,  and  had  a  piston  accu- 
rately fitted  to  work  in  IL  A  rope 
was  fastened  to  the  pistou-rod  and 
passed  over  two  pulleys,  B  C.asrep' 
resented,  by  which  was  suspended  a 
scale,  D,  containing  several  weights. 
When  the  air  was  withdrawn  from 
the  lower  part  of  the  cylinder,  the 
pressure  of  the  atmosphere  depress- 
ed  the  piston  and  raised  the  si:Ble  sod 
weights.  To  vnry  the  experimeDt, 
the  weights  were  removed  and 
>.  ISH.  twen^  men  were  employed  to  pull 

at  the  rope  with  all  their  strength ; 
but  as  soon  as  a  vacuum  was  made  by  the  small  air-pump  attached  to  the 
bottom  of  the  cylinder,  the  piston  descended,  notwithstaodiiig  all  tfaeii 
efforts  to  prevent  it. 

This  is  the  oldest  apparatus  on  record  for  trmnsmilting  motion  to  solids 
by  a  piston.  We  can  however  hardly  believe  that  it  wss  the  first  devised 
for  the  purpose.  It  would  be  strange  if  it  were ;  for  whatever  may  have 
been  the  nature  of  Anthemius's,  Oaray's,  and  other  old  machines  in 
which  steam  was  the  actiie  principle,  pumps  and  syringes  had  been  too 
common,  and  experiraeniB  with  them  ton  frequent,  for  such  a  device  la 
have  been  unknown.  Such  men  as  Aristotle  and  Archimedes,  Ctesibius, 
Heron,  Ro^r  Baoon  and  their  successors,  were  all  aware  that  a  syringe 
presented  the  same  phenomenon  as  Querricke's  apparatus,  when  the  pis- 
ton was  drawn  up  while  the  discharging  orifice  was  closed  :  the  same 
thing  WHS  nlsii  observed  with  common  pumps  when  die  suction-pipes  were 
either  closed  or  choked.  Experiments  therefore  to  illustrate  the  force 
thus  excited  were  in  all  probability  made,  and  with  apparatus  similar  to 
that  of  ihe  Prussian  phili)8opher,  long  before  his  time,  although  no  account 
of  them  is  extant.  But  if  even  such  had  been  made,  they  would  not  lessei 
in  any  dezree  the  merit  of  Guerricke,  since  his  experiment  undoubtedly 
originated  with  himself,  and  all  knowledge  of  similar  ones  had  been  lost. 
In  this  device  we  behold  the  same  moving  force,  and  the  same  mechBi. 
nism  for  applying  it,  as  were  subsequently  adopted  in  steam-engines,  whicfa 
at  first  were  little  more  than  copies  of  this:  for  example,  had  a  loaded 
pump-rod  been  suspended  to  the  rope  instead  of  the  scale  and  weights, 
the  apparatus  would  have  differed  from  Newcnmen's  engine  only  in  ih« 
mode  of  exciting  the  atmospheric  pressure.  To  Chierricke,  therefore,  is 
due  the  credit  of  having  not  only  pointed  out  the  power  which  alone  gave 
•fficiency  to  the  first  steam-machines,  but  also  of  devising  the  most  effeo 
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tnal  means  of  employing  it.  No  one  oould,  we  think,  clatir  an  equal  de- 
gree of  merit  for  simply  applying  (not  inventing)  another  mode  of  produ* 
cing  a  vacuum  und^r  the  piston ;  but  without  insisting  on  this,  it  may  be 
observed  that  even  at  present,  in  all  low-pressure  engines,  the  vacuum  is 
made  just  as  Guerricke  made  it,  viz.  by  an  air-pump;  so  that  the  impress 
of  his  genius  on  the  steam-engine  is  no  more  obliterated  in  this  respect 
than  it  is  in  others.  Every  unbiassed  mind  will  therefore  admit,  that  an 
honorable  place  in  its  history  should  be  assigned  to  the  philosophei  of 
Magdeburg. 


CHAPTER   VI. 


RwMHM  of  old  Inventora  for  eoneealiiif  tlielr  dIacovoHM  Contury  of  iBveBtloiit— Marquis  of  Worw 
Mtor— Hit  luvontioM  matared  befora  the  Civil  War»— SoToral  rerivod  aiiice  hia  doath—Probleuia  in 
Cko  ** Century*  in  older  author*— Bird  roosting  itMir—lmprieooing  Chair— Portable  Forliilcation^* 
Flyinf— Divtnf— Drebble^  Subnuvine  Ship— The  SSth  Problem— This  renuirhabljr  explicit— The  devioe 
eoDsisted  of  one  (>oiler  and  two  receiTers— The  reeeirera  charged  by  atnospheric  pressure— Three  and 
fimr*way  cochs— An  hydraulic  machine  of  Worcester  mentioned  by  Cosmo  de  Medicis — Worcester's 
machine  superior  to  preceding  ones,  and  similar  to  Sarery's— Piston  Steam-Engine  also  made  by  hin»> 
Copy  of  the  last  three  Problems  in  the  Century — Ingenious  mode  of  stating  them — Forcing-Pumps  work 
•d  by  Steam- Engines  intended — ^Ancient  Riddle— Steam-Boat  invented  by  Worcester — Projectors  dee* 
pised  in  his  time— Patentees  caricatured  In  a  public  processioB— Neglect  of  Worcester— His  death-* 
Persecationof  his  widow— Woreesier  one  of  the  greatest  Mechantdaas  of  any  age  or  nation— Glauber. 

As  yet  we  have  not  met  with  any  definite  description  of  a  steam-engine 
in  actual  use.  This  can  only  be  accounted  for  from  the  fact  that  old  in- 
ventors were  all  jealous  of  the  printing-press.  They  believed  their  inte- 
rest required  concealment  on  their  part,  that  pirates  might  not  rob  them 
of  their  laix)rs.  They  have  been  blamed  for  this,  and  so  have  some  mo- 
dern mechanics,  but  we  think  without  reason ;  for,  to  obtain  satisfaction 
at  late  in  such  cases,  was  formerly  as  difficult  as  it  is  now  in  most  cases. 
To  have  to  purchsse  justice,  as  in  a  lottery,  with  money,  is  bad  in  itself, 
and  worse  because  those  without  money  cannot  obtain  it ;  but  to  havp  to 
give  more  for  it  than  it  is  worth,  if  perchance  it  be  awarded,  is  a  disgrace 
to  enlightened  nations — an  evil  that  savages  would  not  for  a  moment  en* 
dure.  It  is  tiius  that  law,  though  ordained  to  promote  justice,  is  so  pros- 
tituted as  not  only  to  defeat  the  object  for  which  it  was  designed,  but  to 
cherish  the  grossest  injustice.  It  has  clways  been  a  bar  to  the  progress  of 
the  arts.  The  difHculty  and  expense  of  obtaining  and  preserving  an  ex- 
clusive right  to  their  inventions — that  is,  to  their  own  property — have  in- 
cvced  inventors  more  or  less,  in  every  age,  to  conceal  their  discoveries  till 
death,  and  even  then  to  destroy  all  records  respecting  them. 

When  old  inventors  were  solicitous  o£ public  patronage,  instead  of  es- 
tablishing their  claims  to  it  by  explaining  the  principles  and  operations  of 
their  machines,  they  contented  themselves  with  enumerating  their  uses 
and  good  qualities  merely.  They  proclaimed  the  great  things  that  could 
be  done,  but  studiously  concealed  the  modes  and  means  of  doing  them : 
hence  new  inventions  were  sometimes  announced  enigmatically,  the  mov- 
ing or  constituent  principles  being  so  obscurely  hinted  at  tliat  few  readers 


428  Marquii  of  WurceUer.  [Book  IV, 

• 
could  apprehend  ^hem.  Of  this  mode  of  exciting  poblic  attention,  the 
account  of  the  ei.glne  of  motion  in  the  last  chapter  is  an  example;  and 
several  more  may  be  seen  in  the  pamphlet  published  hy  the  Marquis  of 
Worcester,  in  1G63,  entitled  "  A  Century  of  the  Names  and  Scantlings 
[outlines  or  hints]  of  such  Inventions  as  at  present  I  can  call  to  mind  to 
have  tt  ied  and  |>erfected ;  which,  my  former  notes  bein^  lost,  I  have,  at 
the  instance  of  a  powerful  friend,  endeavored,  now  in  the  year  1655,  to 
to  set  down  in  sucn  a  way  as  may  sufficiently  instruct  me  to  put  any  of 
them  in  practice."  This  book  is  made  up  of  one  hundred  inventions, 
numbered  from  one  upwards.  It  contains  a  distinct  reference  to  a  work- 
ing steam-machine  for  raising  water,  and  also  hints  by  which  its  nature 
and  construction  are  pretty  clearly  ascertained.  There  is  some  reason  to 
lielieve  that  the  modern  high-pressure  engine  is  also  referred  to.  From 
the  circumstanee  of  the  author  having  figured  largely  in  the  civil  wars,  he 
having  been  an  enthusiastic  adherent  of  Charles  1.  and  of  monarchy,  his 
character  and  that  of  his  book  have  been  represented  in  the  best  and  worst 
of  lights.  By  his  enemies  he  was  held  up  as  false  and  unprincipled  in 
the  highest  degree ;  by  his  friends,  as  chivalrous  and  of  unspotted  honor. 
The  "  Century"  has  been  denounced  as  a  scheme  to  impose  on  the  cre- 
dulity of  mankind— the  dream  of  a  visionary— «nd  Hume,  in  his  History, 
goes  so  far  as  to  name  it  "  a  ridiculous  compound  of  lies,  chimeras,  and 
impossibilities."  On  the  other  hand,  it  has  been  received  by  many  (and 
generally  by  practical  men)  in  the  light  in  which  the  author  represents  it, 
viz.  as  a-  memonal  of  inventions  actually  put  in  practice  by  him-— such  as 
he  had  really  "  tried  and  perfected." 

With  the  politioal  conduct  of  Worcester  we  have  nothing  to  do.  He- 
natural  ly  enough  supported  that  system  by  which  he  and  the  rest  of  the 
Lords  acquired  and  entailed  their  exclusive  privileges;  among  which  the 
abominable  one  of  being  legislators  by  birth  was  perhaps  the  most  odious 
and  unnatural.  On  the  fall  of  the  king  he  retired  to  the  continent,  but,  at 
the  request  of  Charles  II,  ventured  to  visit  London  in  disguise  in  1656. 
Being  discovered,  he  was  arrested,  and  confined  in  the  Tower  until  the 
re^^stablishment  of  monarchy  in  1660.     He  died  in  1667. 

We  have  no  positive  information  respecting  the  time  when  he  com- 
menced his  mechanical  researches.  There  is  however  reason  to  believe 
that  most,  if  not  all,  the  inventions  enumerated  in  the  '*  Century  "  w'ere 
matured  before  the  civil  wars  broke  out,  and  consequently  that  the  account 
of  them  was  drawn  up,  as  he  declares,  in  1655.^  No.  56  he  observes  was 
tried  before  Charles  I,  Sir  William  Balfour,  and  the  Dukes  of  Richmond 
and  Hamilton;  and  this  could  not  have  been  later  than  1641,  for  Balfour 
was  dismissed  that  year.  In  addressing  the  Century  to  Parliament^  he 
mentions  having  had  *'  the  unparalleled  workman,  Caspar  Kaltoif,"  in  his 
employment  "  these  five  and  thirty  years,"  and  who  was  at  that  time 
(1663)  engaged  in  his  service.  This  carries  back  his  experiments  to  1C38. 
Some  of  his  "  water- works"  were  in  operation  in  his  iather*s  castle  (at 
Ragland,  in  Wales)  at  the  commencement  of  the  Long  Parliament,  (1640) 
for  by  their  sudden  movements  he  is  said  to  have  frightened  certain  adhe- 
rents of  the  Parliament,  who  went  to  search  the  castle  for  arms.  The  na- 
ture of  these  works  is  not  indicated,  except  that  they  consisted  of  "several 
engines  and  wheels,"  and  that  large  quantities  of  water  were  contained  in 
reservoirs  an  the  top  of  a  high  tower.     Whether  steam  was  the  agent  em- 

Sloyed  to  raise  this  water  is  unknown.     It  could  not  have  been  if  the  tn- 
ition,  credited  by  some  writers,  was  true,  viz.  that  his  attention  was  first 

•-  The  Centunr  h  copied  in  vol.  xiti  or  Til  loch's  Phil.  Mac. ;  and  tiia  editor  feoiaika 
^tLisliitls  tncx  was  first  pablished  in  16o5." 
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drawn  to  the  employment  of  steam  bv  observing,  while  a  pruoTMr  in  the 
Toiaer,  a  pot-lid  raised  or  thrown  ofT  by  it  If  this  was  the  case,  then  no 
dependence  can  be  placed  on  Worcester's  assertion,  that  the  whole  Cen- 
tury was  written  in  1655 ;  but  there  is  no  reason  to  question  his  veracity 
in  this  respect.  On  the  contrary,  the  tradition  is  obviously  a  fable ;  one 
that  has  been  applied  to  others  as  well  as  to  him. 

Although  many  of  the  devices  in  the  Century  appear  at  first  9ight  ex* 
tremely  absurd,  and  others  impossible,  yet  every  year  is  producing  a  solu- 
tion of  one  or  more  of  them.  One  half,  at  least,  of  the  number  have  been 
realized ;  among  which  are  telegraphs,  floating  baths,  short-hand,  combi- 
nation locks,  keys,  escutcheons  and  seals,  rasping  mills,  candle-moulds, 
engines  for  deepening  harbors  and  docks,  contrivances  for  releasing  unruly 
horses  from  carriages,  torpedoes,  diving  apparatus,  floating  gardens,  bucket 
engines,  (see  page  64  of  this  volume)  universal  lever,  repeating  guns  and 
pistols,  double  water  screws  (p.  140  of  this  vol.)  abacus,  portable  bridges, 
floating  batteries  &c.  besides  his  applications  of  steam,  which  will  be  no- 
ticed more  at  large  farther  on. 

It  must  not  be  supposed  that  Worcester  was  the  first  projector  of  every 
problem  in  the  Century,  although  his  solutions  may  have  been  peculiar  to 
himself.  The  greater  part  may  be  found  in  the  works  of  Porta,  Fludd, 
Wilkins,  and  others  of  his  predecessors  and  contemporaries ;  so  that  the 
charges  of  absurdity  brought  against  many  of  them  are  not  attributable  to 
him  alone.  Indeed,  the  Century  is  in  a  great  measure  free  from  those 
puerile  conceits  that  abound  in  old  authors.*  No.  3  he  names  '*  a  one-line 
cypher,"  that  is,  a  character  composed  of  a  single  line,  which  by  its  posi- 
tion was  made  to  represent  each  and  every  letter  of  the  alphabet.  (Now 
used  in  short-hand.)  N(i.  4  is  an  improvement,  and  consists  in  substituting 
points  or  doU  in  place  of  lines.  No.  5,  "  a  way  by  circular  motion,#ither 
along  a  rule  or  nngwise,  to  vary  any  alphabet,  even  this  of  points,"  &c. 
Now  these  three  systems  were  explained  and  illustrated  by  diagrams  in 
detail,  twenty-two  years  before  the  publication  of  .Worcester's  book,  by 
Bishop  Wilkins,  in  his  **  Mercury,  or  secret  and  swift  Messenger,"  a  tract 
printed  in  1641.  The  eleventh  chapter  '  treats  *'of  writing  by  invented 
characters  " — **  how  to  express  any  sense  either  by  lines,  points  or  Jigurei" 
The  last  was  by  arranging  the  points  or  dots  in  the  fonns  of  circles, 
squares,  triangles,  &c.  Wilkins  speaks  of  the  whole  as  an  old  device. 
Another  problem  in  the  Century  is  **  a  universal  character."  This  had 
been  often  attempted,  and  Wilkins  wrote  also  upon  it  Another, ''  a  water- 
ball,"  to  show  the  hour  of  the  day.  There  were  some  singular  specimens 
of  these  clocks  in  Serviere's  museum,  which  was  celebrated  for  its  col- 
lection of  mechanical  devices,  and  which  doubtless  Worcester  had  often 
visited.  (See  page  285,  and  note  foot  of  page  63.)  The  universal  lever, 
No.  26  of  the  Century,  he  admits  having  seen  at  Venice,  and  the  bucket 
engine  (No.  21)  at  Rome.  It  is  probable  he  derived  his  "  imprisoning 
chair"  from  the  same  place ;  for  there  was  in  his  time,  as  well  as  sintee,  a 

■  There  is  a  singalar  one  in  book  xiv  of  Porta's  Ma^ic,  "  Of  a  bird  which  roasts  it- 
self;" which,  had  Worcester  mentioned,  few  woold  have  credited  without  ihe  explana- 
tion. '*  Take  a  wren  and  spit  it  on  a  hazel  stick,  and  lay  it  down  before  the  fire,  the  two 
endtf  of  the  hnzel  spit  being  supported  by  something  that  is  firm ;  and  yoa*ll  see  with 
admiration  the  spit  and  the  bird  tnrn  by  little  and  little,  withont  discontinuing,  till  'tis 
qiiite  ro:isted."  This,  says  Ozanuro,  was  first  found  oui  by  Cardinal  Paloti,  at  Rome. 
The  motion  may  be  accounted  for  on  a  similar  principle  as  the  rotation  of  gliw  tubes 
when  supported  at  each  end  before  a  fire,  and  even  when  inclined  against  the  fire-place 
witli  one  end  on  the  hearth,  viz. :  the  heat,  being  applied  to  one  side  only,  causes  the 
tnbes  to  bend,  and  consequently  to  preponderate  and  thus  tarn  round  See  Phil.  Traos, 
vol  BOE— Abridg.  vol.  x  561. 


490  OaUury  of  LivetUum.  [Book  IV. 

ramoQS  machine  of  the  kind  exhibited  in  the  Borghese  villa,  which  could 
not  have  escaped  his  notice.  It  is  described  by  Blainville  as  **  very  art- 
fully contrived ;  and  strangers,  who  are  not  acquainted  with  the  trick,  are 
infallibly  cau^t  as  in  a  trap  when  they  are  prevailed  upon  to  sit  in  it.*' 
Travels,  vol.  li,  p.  35.  We  shall  notice  a  lew  more:  "A  little  eng^ioe 
portable  in  one's  pocket,  which  placed  to  any  door,  without  any  noise  but 
one  crack,  openeth  any  door  or  gate."  A  similar  device  is  quoted  by 
Wilkins  from  Ramelli,  thus :  '*  A  little  pocket  engine  wherewith  a  man 
may  break  or  wrench  open  any  door."  (Math.  Magic,  book  i,  chap.  13, 
first  published  in  1648.)  Again^-'*  An  instrument  whereby  an  ignorant 
person  may  take  any  thing  in  perspective  as  justly  and  more  than  the  skil- 
fullest  painter  can  do  by  the  eye."  Probably  the  camera  obscura,  which 
Baptist  Porta  had  described,  about  a  century  before,  in  his  Natural  Magic. 
See  page  364  of  the  English  translation  of  165S,  and  also  Fludd's  Natural 
Simia  sen  T^echmica,  1618,  page  308,  for  another  mode.  No.  29  of  the 
Century  relates  to  "A  moveable  fortification — as  complete  as  a  regular  one, 
with  half-moons  and  counterscarps."  Such  a  one  is  Hgured  in  Fludd's 
Simia.  It  is  of  a  triangular  form,  with  breast  works  and  cannon  ranged 
along  two  sides.  The  whole  is  made  of  thick  timber  clamped  together, 
and  moved  by  horses,  which  are  yoked  to  a  long  pole  or  mast,  also  sup 
ported  on  wheels  and  attached  to  the  rear  or  base  of  the  triangle,  so  as 
to  be  out  of  the  reach  of  shot  from  the  enemy.  The  horses  have  their 
faces  to  the  fortification,  just  as  if  yoked  to  the  pole  of  a  common  carnage 
and  fronting  it— or,  according  to  the  old  saying,  "  the  cart  is  put  before 
the  horse." 

His  modes  of  discoursing  by  knotted  strings,  gloves,  sieves,  lanterns, 
ice,  are  similar  to  others  mentioned  in  the  Natural  Magic  of  Porta,  and  in 
othei*  works.  Wilkins's  Secret  and  Swifl  Messenger  also  contains  much 
curious  information  on  such  subjects.  Several  numbers  of  the  Century 
relate  to  repeating  guns.  These,  as  is  well  known,  exercised  the  wits  of 
inventors  long  belore  his  time.  JPorta,  in  his  Magic,  book  xii,  speaks  of 
**  great  and  hand  guns,  discharged  ten  times"  although  loaded  but  once. 
They  are  even  of  much  older  date.  Sometimes  several  barrels  were  joined 
together.  The  **  arithmetical  instrument,  whereby  persons  ignorant  of 
arithmetic  may  perfectly  observe  numerations  and  subtractions  of  all  sums 
and  fractions,"  was  in  all  probability  the  abacus,  or  Chinese  ncanrpan,  now 
used  in  schools. 

Flying  and  diving,  also  mentioned  by  him,  have  occupied  the  ingenuity 
of  inventors  in  every  age.  Cornelius  Drebble  constructed  a  diving-vessel 
which  was  propelled  by  oars  worked  through  openings  in  the  sides.  ShArt 
conical  tubes  of  leather,  through  which  the  oars  were  passed,  were  con- 
nected to  the  openings  so  as  to  exclude  the  water ;  hence  the  joints  some- 
what i^esembled  those  of  the  feet  of  a  tortoise  when  protruded  from  the 
shell.  The  vessel  was  lowered  by  admitting  water,  and  raised  by  pump- 
ing it  out.  (The  distance  of  diving- vessels  below  the  surface  is  easily  and 
accurately  ascertained  by  a  curved  tube  containing  a  little  mercury,  one 
end  being  within  the  vessel  and  the  other  without)  Charles,  LanuCTave 
of  Hesse  Cassel,  hearing  of  Drebble's  diving-ship,  requested  Papin  to 
contrive  one.  Papin's  machine  is  figured  and  described  in  the  Grentleman's 
Magazine  for  1747,  page  581.  Drebble's  vessel  did  not  require  a  constant 
supply  of  fresh  air,  for  he  had,  or  pretended  to  have,  an  elixir  in  a  small 
vial,  a  few  drops  of  which  restoied  the  vitiated  air  so  as  to  make  it  again 
fit  for  respiration.  Something  of  this  kind  was  known  even  before  Dreb- 
ble's time,  if  we  may  judge  from  one  of  several  illustrations  of  divin?  in 
the  old  German  translation  of  Vegetius,  A.  D.  1511.     A  man  clothed  in 
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A  dress  of  thin  skin  or  oiled  silk  fitted  close  to  lib  bo'dy,  and  covering  every 
part  except  his  head  and  hands^  is  represented  walking  on  the  bottom  of 
a  rii'cr.  In  his  left  hand  be  holds  a  leathern  flsak,  through  the  contracted 
neck  of  which  he  i^  drawing. a  portion  of  the  contents  wkh  his  mouth. 
Wilkins  devoted  a  okapterof  his  Math.  Magic  to  diving.  He  notices 
Drebble's  machine,  .and  many  other  curious  devioes  i  so  thut  on  this  sub- 
ject Worcester  had  an  abundance  of  noaterials  and  hints  to  work  upon. 

No.  50  of  the  Century  relates  to  portable  ladders.  A  variety  ot  these 
are  figured  in  the  old  translation  of  Vegedus  just  referred  to.  There  are 
several  other  things. named  in  the  Century  which  might  be  traced  to  older 
sources,  but  it  is  not  necessary ;  for  Worcester  has  not,  that  we  are  aware 
of,  ever  claimed  all.  the  devices  he  has  named.  He  mentions  two  whose 
authoi-s  he  recollected,  but  as. the  account  was  drawn  up  from  memory^  he 
could  hardly  recall  to  mind  the  sources  whence  all  w«re  derived.  He 
says  they  w«re  such  as  he  could  call  to  mind  to  have  tried  and  perfected  : 
he  does  not  say  invented.  While  many  originated  with  himself,  others 
were  such  as  ne. improved  only.  That  he  had  sources  of  information 
which  have  not  been  discovered,  there  can  be  little  doubt.  Of  the  thou* 
sands  of  old  treatises  on  the  ' *  Mysteries  of  Nature  and  Art,"  a  staple  sub* 
ject,  and  title  too,  from  Ro^r  Bacon  to  Moxon,  how  few  are  extant ! 
But  some  will  perhaps  yet  be  met  with  on  the  shelves  of  antiquaries  and 
the  lovera  of  old  books  m  Europe. 

Those  numbers  of  the  Century  which  relate  to  steam  are  68,  98,  99  and 
100 ;  but  it  is  in  68  only  that  steam  is  clearly  indicated.  The  device  is 
named  '*a  fire  water  work,"  and  is  described  in  the  following  manner: 
**  An  admirable  and  most  forcible  way  to  drive  up  water  by  &re,  not  by 
drawing  or  sucking  it  upwards,  for  that  must  be,  as  the  philosopher  calleth 
it,  infra  iphatratn  dctiviuitis,  which  is  but  at  such  a  distance.  But  this 
way  hath  no  bounder,  if  the  vessels  be  strong  enough ;  for  I  have  taken  a 
piece  of  a  whole  cannon,  whereof .  the  end  was  burst,  and  filled  it  three 
quarters  full  of  water,  stopping. and  screwing  up  the  broken  end,  as  also 
the  touch- hole;  and  making  a  constant  fire  under  it,  within  twenty-four 
hours  it  burst,  and  made  a  great  crack  :-7-So  that  having  a  way  to  make 
my  vessels,  so  that  they  are  strengthened  by  the  force  within  them,  and 
the  one  to  fill  after  the  other,  I  have  seen  the  water  run  like  a  constant 
fountain  stream  forty  feet  high.  One  vessel  of  water  rarefied  by  fire 
driveth  up  forty  of  cold  water ;  and  a  man  that  tends  the  work  is  out  to 
turn  two  cocks,  that,  one  vessel  of  water  being  consumed,  another  begins 
to  f(.>rce  and  refill  with  cold  water,  and  so  successively,  the  fire  being 
tended  and  kept  constant,  which  the  self  same  person  may  likewise  abun- 
dantly perform  in  the  interim,  between  the  necessity  of  turning  the  said 
cockp." 

We  here  see  clearly  what  was  meant  by  Ramseye  and  others  when 
they  spoke  of  raising  water  hyjvre^  viz.  that  it  was  by  steam,  which  the 
fire  was  employed  to  produce.  It  will  be  perceived  that  Worcester  doea 
not  here  claim  to  be  the  first  to  raise  water  in  large  quantities  in  this  man- 
ner, thus  tiicitly  admitting  that  he  was  aware  of  previous  applications  of 
•team  for  the  purpose.  Had  he  indeed,  made  such  a  claim,  little  reliance 
coitld  liave  been  placed  on  his  statements ;  but,  notwithstanding  all  that 
Las  been  said. to  the  contrary,  we  have  seen  nothing  in  the  whole  tenor  of 
his  conduct  with  regard  to  his  inventions  to  shake  our  confidence  in  his 
sincerity.  In  one  respect  No.  68  differs  from  the  rest,  viz.  in  the  detail 
wkh  which  the  device  is  described  ;  but  this  was  most  likely  designedly 
done,  in  order  to  show  its  superiority  over  other  "  fire  water- works,"  and, 
to  point  out  where  it  differed  from  Uiem.    Had  it  been  axi  original,  idea, 
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there  could  have  been  no  more  inducement  to  be  thus  explicit  than  with 
the  rest ;  but  beinff  of  the  same  nature  as  others,  he  would  naturally  bo 
led  to  notice  the  diiTerence.  Some  writers  are  incredulous  of  his  having 
ever  put  it  in  practice,  notwithstanding  his  assertions,  and  the  particulars 
he  has  specified ;  and  they  further  contend  that  his  description  was  not 
sufficiently  perspicuous  to  enable  a  person  to  make  such  a  machine  in  his 
own  time,  and  is  not  now.  To  neitner  of  these  positions  can  we  assent ; 
and  the  latter,  if  true,  does  not  affect  the  character  of  Worcester,  either 
for  veracity  or  ingenuity,  since  the  avowed  design  of  the  Century  was 
rather  to  enable  himself  than  others  to  realixe  the  inventions  named. 

The  description  appears  not  only  that  of  a  machine  in  actual  use,  and 
from  which  a  similar  one  might  have  been  made,  but,  as  just  intimated^ 
some  particulars  are  mentioned  apparently  with  the  sole  view  of  distin- 
guishing it  from  other  devices  of  the  same  kind.     Had  he  given  a  figure 
we  should  have  learnt  more  of  the  details,  but  not  of  the  general  plan. 
The  nature  of  the  force  emph>yed  (the  expansive  power  of  steam)  he 
shows  in  the  clearest  light ;  and  its  irresistible  energy  is  admirably  illus- 
trated by  bursting  the  cannon :  indeed,  he  could  not  possibly  have  se- 
lected any  thing  better  adapted  for  the  purpose.     Few  writers  however 
believe  the  experiment  was  ever  made,  from  the  seeming  difficulty  of 
closing  the  broken  end— a  circumstance  which,  perhaps  more  than  any 
other,  has  led  people  to  doubt  the  accuracy  of  other  of  his  statements :  and 
it  must  be  admitted  that  if  he  is  not  to  be  believed  in  this,  his  assertions  in 
general  must  be  received  with  great  caution.     But  what  great  difficulty 
after  all  was  there  in  driving  a  plug  tight  into  the  smoothly  bored  although 
broken  end  of  a  cannon,  and  secunng  the  plug  effectually  in  its  place,  by 
iron  straps  and  screws  round  the  trunnions  1     Lest  the  idea  of  danger 
should  be  connected  with  his  apparatus  in  the  public  mind,  he  remarks 
that  he  had  a  way  of  preventing  his  vessels  from  being  exploded.     He 
mentions  at  least  three  vessels ;  one,  a  boiler  in  which  to  generate  steam, 
the  others,  to  receive  the  water  previously  to  its  being  raised.   A  separate 
boiler  shows  that  the  apparatus  was  a  modification  of  Porta's  and  Kircher's, 
(Nos.  137,  190) — and  lest  any  one  should  suppose  that  the  water  was  re- 
quired to  be  heated  before  it  was  elevated,  he  states  distinctly  that  it  was 
not :  hence  his  device  bore  no  resemblance  to  that  of  Decaus,  (No.  18S)— 
so  far  from  it  that  the  boiler,  or  "  one  vessel  rarefied  by  fire,"  forced  up 
forty  times  its  contents  "  of  cold  water.'*     It  appears  that  the  water  wss 
raised  forty  feet  only  ;  perhaps  being  limited  to  that  height  by  local  cir- 
cumstances, or  by  the  building  in  which  the  apparatus  was  erected.    The 
pressure  of  steam  in  his  boiler  did  not  therefore  much  exceed  301bs.  on 
the  inch.     As  the  elevation  exceeded  that  to  which  the  liquid  could  be 
raised  by  atmospheric  pressure,  he  also  takes  occasion  to  notice  distincdy 
that  it  was  not  done  by  sucking ;  and  in  this  he  possibly  may  allude  to 
some  such  modes  of  raising  water,  vis.  by  using  the  steam  only  to  produce 
a  vacudm,  and  to  show  the  difference  ;  for,  by  employing  its  elastic  force, 
he  could  raise  water  eU  one  lift  to  any  height,  and  his  apparatus,  instead 
of  a  limited  application,  was  adapted  to  mines  and  pits  of  every  depth, 
and  hence  he  appropriately  names  it  "  a  ntott  forcible  way."   The  receiving 
vessels  were  charged  or  filled  "  one  after  another,"  and  the  stream  dis- 
charged from  them  was  uninterrupted.     One  person  only  was  required  to 
attend  to  the  fire  under  the  boiler  and  *'  to  turn  two  cocks,"  i.  e.  to  admit 
steam  alternately  into  each  receiver,  so  that  when  one  was  *'  consumed  " 
or  emptied,  the  contents  of  the  other  besan  to  "  force     or  be  forced  up, 
and  the  empty  one  to  **  fill "  or  be  refilled  with  cold  water,  "  and  so  suc- 
cessively."    The  vessels  were  large,  or  it  took  a  long  time  to  fill  thenit 
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since  the  man  had  abundant  time  to  attend  the  fire  in  the  intervals  4)f  rimm- 
ing the  cocks. 

Notwithstanding  the  comprehensive  sketch  that  Worcester  has  given 
of  this  machine,  a  variety  oi  opinions  prevails  respecting  son.  e  of  its  parts, 
and  the  arrangement  of  the  whole.  In  these  respects  scarcely  two  writers 
agree,  while  some  diflfer  widely.  Some  have  supposed  it  to  have  consisted 
of  two  eoiipiles,  like  those  of  Heron  or  Decaus,  (Nos.  179  and  188)  con- 
nected to  one  ascending  pipe,  (see  Gralloway  on  the  Steam-Engine) — an 
idea,  we  think,  entirely  out  of  the  way,  since  such  a  plan  would  possess 
neither  **  merit"  nor  "  originality,"  which  the  writer  just  named  accords 
to  Worcester's  device.  It  is  moreover  opposed  to  the  description  given, 
which  expressly  states  that  the  contents  of  one  vessel  rarefied  by  fire, 
driveth  up  forty  qf  cold  water ;  whereas,  by  the  supposed  construction, 
4iU  the  water  must  have  been  heated  to  the  boiling  point  before  it  could 
have  been  elevated  at  all,  and  to  a  temperature  still  higher  before  it  was 
raised  forty  feet. 

The  principal  point  undetermined  is  the  mode  by  which  the  receivers 
were  charged.     Were  they  so  placed  that  the  water  flowed  into  them 
through  a  pipe  and  cock  ?     Or,  were  they  wholly  immersed  in  the  tank, 
well  or  pond,  and  furnished  with  valves  opening  inwards  for  the  admis- 
sion of  the  liquid,  and  to  prevent  its  return  when  the  steam  was  turned 
on  1     Or,  were  they  placed  above  the  water,  and  charged  by  atmospheiic 
pressure  1     The  first  and  second  modes  have  been  suggested,  because 
Worcester  says  he  did  not  raise  the  liquid  by  "  sucking ;"   but  It  does  not 
appear  that  he  meant  any  thing  more  than  that  the  contents  of  the  receivers 
were  not  expelled  from  them  in  this   way.     As  the  elevation   to   which 
water  could  be  raised  at  one  lift  by  his  machine  was  only  limited  by  the 
strength  of  the  vessels,  he  very  naturally  observed,  to  remove  an  objection 
which  he  foresaw  might  be  made  to  his  assertion,  that  this  was  not  effected 
by  sucking,  but  by  forcing  the  liquid  up.    His  plan  bears  the  same  relation 
to  a  forcing  pump,  as  using  steano  to  produce  a  vacuum  in  a  receiver  does 
to  a  sucking  one ;  and  in  distinguishing  between  the  two  applications  of 
the  vapor  to  raise  water,  viz.  by  its  condensation  and  its  expansion,  he 
uses  the  same  terms  that  we  do  to  show  the  difference  between  the  two 
instruments  just  named.     Of  a  forcing  pump  we  say,  it  does  not  raise 
water  by  atmospheric  pressure,  but  in  opposition  to  it ;  and  that  the  elc- 
Tation  is  only  limited  by  the  strength  of  the  materials  and  the  power  em- 
ployed :  now  every  person  acquainted  with  the  subject  knows,  that  it  is 
the  expulsion  of  the  water  from  the  cylinder  that  is  referred  to,  not  the 
mode  of  filling  it ;  for  almost  invariably  are  the  vessels  or  cylinders  of 
forcing  pumps  charged  by  sucking,  and  so  they  were  in  Worcester's  time. 
If  the  receivers  were  placed  below  the  reservoir  that  supplied  them, 
and  were  fed  from  it  by  a  pipe,  then  as  there  were  but  two  cocks  used, 
they  must  have  been  such  as  are  known  by  the  term  "  three-way,"— one 
passage  to  supply  steam  to  each  of  the  receivers,  and  the  other  water. 
There  is  no  dirticulty  in  admitting  this,  for  both  three  and  four  way  cocks 
were  in  use  ages  liefore  Worcester's  days.     They  are  described  in  the 
Spiritalia,  (problem  31)  in  Besson's  Theatre,  Fludd's  Simia,  (see  our  160th 
illustration,  page  354)  Ozanam's  Recreations,  and  in  several  other  old  au- 
thors.    One  form  of  them  is  seen  at  page  421.     Tavernier  found,  in  baths 
of  the  east,  cocks  which  at  the  same  mouth  supplied  *'  either  hot  water  or 
cold,*'  (Relation  of  the  Seraglio)  and  they  are  described  and  figured  in  the 
Forcible  Movements  of  Decaus  :   thus  prop,  xix  of  Leak's  translation  is 
**  Of  the  cock  with  four  vents,"  and  its  application  is  shown  in  a  self-acting 
**Phneumatique  Engine."     M.  Arago  is  tnerefore  greatly  mistaken,  in  his 
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History  of  the  Steam-Engine,  in  attriboting  the  invention  of  the  ibur-way 
cock  to  Papin  In  his  zeal  to  confer  honor  on  the  philosopher  of  Blm, 
he  inadvertently  overlooked  the  old  engineer  of  Normandy. 

This  plan  of  supplying  Worcester's  receivers  is  certainly  far  more 
probable  than  that  of  barying  them  in  the  water  they  were  to  raise.  In- 
I  deed,  we  cannot  perceive  how  the  latter  could  answer  at  all,  as  the  steam 
!  would  be  condensed  by  the  surrounding  medium  almost  as  fast  as  it  en- 
tered the  receivers ;  so  that  instead  of  '*  one  vessel  of  water  rarefied  by 
fire  "  driving  up  forty  of  cold  water,  it  would  hardly  be  able  to  drive  up 
any.  It  appears  to  us  impossible  for  ingenuity  to  suggest  a  worse  plan, 
«nd  yet  several  writers  have  adopted  it.*  As  a  proof  that  Worcester  had 
an  engine  at  work  somewhat  similar  to  the  one  referred  to  in  his  68th 
proposition,  the  following  extract  from  the  Journal  of  Qosmo  de  Medicis, 
who  visited  England  in  die  17th  century,  has  beea adduced :  "  His  high- 
ness, that  he  mi^ht  not  lose  the  day  uselessly,  went  again,  af^er  dinner,  to 
the  other  side  of  the  city,  extending  his  excursion  as  far  as  VauxhaU,  be- 
yond the  palace  of  the  Archbishop  of  Canterbury,  to  see  an  hydraulic 
machine  invented  by  my  Lord  Somerset,  Marquis  of  Worcester.  It  raises 
water  more  than  forty  geometrical  feet,  by  the  power  of  one  man  only ; 
and  In  a  very  short  space  of  time  will  draw  up  four  vessels  of  water 
through  a  tube  or  channel  not  more  than  a  span  in  width ;  on  which  dO* 
count  it  is  considered  to  be  of  greater  service  to  the  public  than  the  other 
machine  near  Somerset-House."  Now  if  this  engine  for  ndsing  water 
from  the  Thames,  and  which  was  managed  by  one  man,  was  moved  by 
steam— ^nd  it  probably  was— -we  may  rest  assured  that  Worcester  knew 
better  how  to  charge  hts  receivers  than. by  immersing  them  in  the  river, 
or  in  any  tank  supplied  from  it.  Had  he  done  so,  the  machine  would 
never  have  been  "  considered  of  grater  service  to  the  public  "  than  the 
engine  at  Somerset-House,  which  was  worked  by  horses,  and  distributed 
water  over  "  a  great  part  of  the  city."  (This  last  engine  most  likely  con- 
sisted of  pumps,  such  as  were  erected  by  Bulmer  in  1594.  See  page  296.) 
As  four  vessels  are  here  mentioned,  there  were  probably  that  number  of 
receivers  employed. 

It  would  be  strange  if  Worcester's  receiving  vessels  were  not  chained 
bv  atmospheric  pressure,  considering  the  examples  he  had  before  him. 
To  say  nothing  of  this  well  known  mode  of  charging  eolipiles,  and  other 
vessels  represented  in  the  Spiritalia,  (see  173  and  177  of  our  illustratt<»Ds) 
both  Porta  and  Fludd  exhibited  experiments  expressly  to  show  how  water 
is  raised  into  a  vacuum  formed  by  the  condensation  of  vapor,  (page  407) 
and  Decaus  gives  such  striking  applications  of  it  (page  380)  that  Worcester 
never  could,  with  a  knowledge  of  these,  have  plunged  his  receivers  under 
water.  But  was  he  acquainted  with  the  writings  of  these  men  1  Unques- 
tionably he  was.  There  is  evidence  in  the  Century  that  he  examined 
every  source  of  information,  both  at  home  and  abroad,  and  with  an  eager- 
ness that  has  perhaps  seldom  been  equalled ;  and  then  no  person  had  greater 
facilities  for  ascertaining  what  had  been  accomplished.  He  was  not  a  man 
.  to  set  about  devising  new  modes  of  raising  water  while  ignorant  of  old 
ones,  or  without  perusing  those  writings  which  treated  directly  or  indi- 
rectly upon  the  subject.     Of  all  his  researches,  this  of  raising  wXbt  was 

•  See  Millington'a  Epitome  of  Philonopby,  and  Staart*t  Defleriptive  History  of  Ae 
Steam-Engine.  The  last  named  writer  opeaks  however  very  differently  in  hhi  valnable 
"  Anecdotes  of  the  Steam- F.ngine."  Further  reflection  convinced  him  that  Worcester 
was  something  more  than  a  charlatuo,  and  the  machine  in  qaestioa  very  oolike  the 
represented  in  his  previous  work. 
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among  the  earliest  and  most  favorite,  as  it  was  the  last  and  most  important ; 
and  it  was  impossible  for  him  and  J^altoif  to  have  spent  so  many  years  as 
they  did  on  this  and  other  subjects,  without  improving  old  devices  and 
introducing  new  ones.  Then  he  was  most  likely  acquainted  with  the  ma- 
chines of  Bacon,  and  with  those  of  Ramsey e,  and  with  Ramseye  himself, 
and  Bushell  too  ;  and  also  with  the  engine  of  motion  noticed  in  the  last 
chapter,  of  which  he  was  possibly  both  the  inventor  and  describer.  So 
far  therefore  from  Worcester's  machine  bein^  imperfect,  as  some  writers 
have  supposed,  we  are  justified  in  believing  it  was  wpericr  in  its  general 
plan,  and  in  the  arrangement  and  execution  of  its  several  parts,  to  any 
thing  then  extant ,  or  previously  proposed. 

It  would  be  easy  to  devise  a  machine  corresponding  with  these  remarks 
and  coinciding  with  the  Marquis's  account ;  but  the  mtelligent  reader  is 
aware  that  it  would  be  substantially  the  same  as  Savery's.  It  is  surprising 
that  some  authors  have  supposed  Worcester  could  not  have  filled  his  ves 
sels  by  atmospheric  pressure,  because,  say  they,  the  production  of  a  vacuum 
by  the  condensation  of  steam  was  not  then  known,  *'  nor  even  thought 
of ."  But  such  writers  were  not  aware  of  the  experiments  of  Porta,  and 
they  forgot  the  employment  of  eolipiles.  It  has  also  been  said  that  a  ma- 
chine as  perfect  as  Savery's,  and  one  in  which  steam  acted  on  a  piston, 
^as  beyond  the  state  of  the  arts  in  Worcester's  days.  The  Century  of 
Inventions  is  a  proof  to  the  contrary,  and  so  is  the  Collection  of  Serviere. 
Every  problem  m  the  one,  and  every  device  in  the  other,  indicates  great 
excellence  of  design  and  ability  of  execution ;  and  both  are  replete  with 
proofs  of  mechanical  skill  as  well  as  fertility  of  invention. 

To  realize  Worcester's  machine,  it  is  contended  that  we  must  depend 
upon  what  he  has  said,  and  on  nothing  more.  But  those  who  prescribe 
this  rule  do  not  themselves  adhere  to  it ;  and  by  following  it,  posterity 
could  hardly  comprehend  a  modern  device  from  its  modern  description. 
As  Worcester  has  not  mentioned  pipes  or  valves,  neither  of  these  essential 
elements  of  his  apparatus  could,  by  such  a  rule,  be  admitted :  and  if  his 
words  are  to  be  construed  literally,  he  employed  two  score  of  receivers ; 
and  these  were  also  elevated  as  well  as  the  water  within  theni :  **  one 
vessel  of  water  rarefied  by  fire  driveth  up  forty  [vessels]  of  cold  water." 
By  the  same  rule  it  was  the  boiler,  not  the  steam  within  it,  (he  never  men- 
tions steam)  that  drove  them  lip.  Then  there  is  the  condensation  of  the 
steam  in  a  receiver,  after  expelling  the  liquid,  which  is  also  not  mentioned ; 
and  of  course  the  vessel  could  not  again  be  filled  until  this  had  taken  place. 
On  the  same  ground,  a  cock,  tunnel  and  pipe  or  pump  to  feed  the  boiler, 
and  a  furnace  door  and  grate  bars,  might  be  considered  gratuitous  addi- 
tions, since  none  of  them  are  mentioned. 

Perhaps  the  most  obscure  part  of  the  68th  problem,  is  that  which  relates 
to  strengthening  the  vessels  "  by  the  force  toitkin  them."  Some  persons 
suppose  this  refers  to  the  figure  of  the  vessels— others,  to  interior  braces. 
The  latter  is  the  most  reasonable,  but  seems  hardly  reconcilable  with  the 
the  text,  since  the  same  term  [force)  is  use'd  as  that  by  which  the  ai^ive 
power  which  rent  the  gun  is  designated. 

Notwithstanding  the  ambiguous  manner  in  which  Worcester  drew  up 
his  Century  of  Inventions,  there  are  strong  indications  of  his  having  im- 
parted motion  to  a  piston  by  steam,  and  that  upon  this  he  depended  for 
oeing  known  to  posterity.  This  was  the  crown  of  his  glory  as  an  inventor 
—the  primary  element  in  the  "  semi-omnipotent  engine,"  which  supported 
him  under  the  contumely  and  neglect  that  he  met  with.  Unfortunately 
for  his  fame,  the  state  of  the  arts  was  not  sufficiently  advanced  to  convince 
his  contemporaries  of  the  importance  of '*  the  great  machine,"  and  it  wai 
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• 
left  for  a  future  age  to  adopL  It  does  not  appear  equally  clear  that  he 
wafl  the  first  thus  to  use  steam.  From  the  description  of  the  engine  of 
motion  m'entioned  at  page  423,  and  the  third  ai]d.fii'th  devices  in  Ramseye's 
patent,  it  would  seem  that  a  working  cylinder  had  been  in  previous  use ; 
nor  do  we  see  how  the  experimenters  of  the  17th  and  previous  centuries, 
when  seeking  for  modes  of  employ  ing^team  as  a  motive  agent,  could  miss  it 
any  more  than  their  successors.  It  is  one  of  those  devices  that  would  be 
detected  by  such  men  in  every  age,  just  as  it  has  been  by  the  makers  of 
pumps  and  piston  bellows.  Fludd,  Hoell,  Belidor  and  Westgarth,  all 
employed  a  piston  and  cylinder  in*  pressure  engines ;  and  some  of  them 
\ver6  not  aware  of  their  having  been  employed  before  in  such  machines. 
Guerricke,  Papin  and  Newcomen  at  once  adopted  them  in  atmo8pheri«.  en- 
gines, Hautefeuille  in  explosive  engines, and  Watt  and  others  in  those  moved 
by  steam ;  and  why  not  Garay,  Ramseye  and  Worcester  1  And  even  the 
troublesome  neighbor  of  Zono  also  ?  it  required  no  great  sagacity  in 
Worcester  to  apply  steam  to  move  the  loaded  piston  in  Fiudd's  pressure 
engine,  (page  354)  and  so  simple  an  idea  could  hardly  escape  him  after 
he  had  turned  his  attention  to  impart  motion  by  steam,  indeed,  he  uses 
an  expression  which  implies  that  it  was  a  loaded  piston  to  which  he  gave 
motion.  But  even  if  this  idea  escaped  both  Ramseye  and  Worcester,  the 
apparatus  of  Guerricke  so  clearly  exhibited  the  mode  of  applying  steam 
to  move  a  piston,  that  the  latter  could  not  possibly  have  remained  any 
longer  ignorant  of  it. 

When  the  three  following  propositions  in  the  Century  are  duly  consider- 
ed, every  candid  mind  will,  we  think,  admit  that  he  was  really  in  possession 
of  an  engine  similar  to  Leopold's,  or  to  Newcomen's,  or  to  die  single 
acting  one  of  Watt : — 

**  9S.  An  engine,  so  contrived,  that  working  the  jfrimum  mobUe  forward 
or  backward,  upward  or  downward,  circularly  or  comerwise,  to  and  fro, 
otreight,  upright,  or  downright,  yet  the  pretended  opeiution  continiieih, 
and  advanceth,  none  of  the  motions  above-mentioned  hindering,  much  less 
stooping,  the  other ;  but  unanimously  and  with  harmony  agreeing,  they 
all  augment  and  contribute  strength  unto  the  intended  work  and  opera- 
tic »n  ;  and,  therefore,  i  call  this  a  iemi-amnipotaU  engine^  and  do  intend 
that  a  model  thereof  be  buried  with  me. 

*'  99.  How  to  make  one  pound  weight  to  raise  an  hundred  aa  high  as 
one  pound  falleth,  and  yet  the  hundred  pound  descending  doth  what  no- 
f^hing  less  than  one  hundred  pound  can  effecL 

"  100.  Upon  so  potent  a  help  as  these  two  last-mentioned  inventioi^s,  a 
water- work  is,  by  many  years  experience  and  labor,  so  advantageously 
by  me  contrived,  that  a  child's  force  bringeth  up,  an  hundred  foot  high, 
an  incredible  quantity  of  water,  even  two  foot  diameter,  so  naturally,  that 
the  work  will  not  be  heard,  even  into  the  next  room ;  and  with  so  great 
ease  and  geometrical  symmetry,  that  though  it  work  day  and  night,  from 
one  end  of  the  year  to  the  other,  it  will  not  require  forty  shillings  repara- 
tion to  the  whole  engine,  nor  hinder  one  day's  work ;  and  I  may  boldly 
call  it  the  most  stupendous  work  in  the  whole  world :  not  only,  with  little 
charge,  to  drain  all  sorts  of  mines,  and  furnish  cities  with  water,  though 
never  so  high  seated,  as  well  as  to  keep  them  sweet,  running  through 
several  streets,  and  so  performing  the  work  of  scavengers,  as  well  as  fur- 
nishing the  inhabitants  with  sufRcient  water  for  their  private  occasions ; 
but  likewise  supplying  rivers  with  sufficient  to  maintain  and  make  then* 
portable  from  town  to  town,  and  for  the  bettering  of  lands  all  the  way  it 
runs ;  with  many  more  advantageous  and  yet  greater  effects  of  profit  ad- 
mirable and  consequence.     So  that  deservedly  I  deem  this  invention  ur 
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erown  my  labours,  to  reward  my  expences,  and  make  my  thoughts  acqui- 
esce in  way  of  fiyther  inventions ;  this  making  up  the  whole  century,  and 
preventing  any  uirther  trouble  to  the  reader  Tor  the  present,  meaning  to 
leave  to  posterity  a  book,  wherein,  under  each  of  these  heads,  the  means  to 
put  in  execution,  and  visible  trial,  all  and  every  of  these  inventions,  with 
the  shape  and  form  of  all  things  belonging  to  them,  shall  be  printed  by 
brass  plates/' 

To  an  ordinary  reader  all  this  appears  preposterous,  nor  without  the 
key  can  any  satisfactory  interpretation  be  given.  The  first  seems  incre- 
dible, the  second  impossible,  and  the  third  a  proof  of  mental  alienation. 
But  in  considering  thenLit  should  be  kept  in  mmd,  that  Worcester's  design 
"was  to  explain  the  effects  and  uses  of  the  mechanism  he  here  refers  to, 
and  at  the  same  time  to  amceal  the  moving  principle.  This  he  has  accom- 
plished in  the  happiest  manner;  and  in-domg  it,  has  furnished  a  specimen 
of  ingenuity,  ana  of  the  fertility  of  his  genius,  almost  equal  to  the  inven- 
tions themselves.  The  thre^  problems  certainly  refer  to  a  cylindrical 
steam-engine  raising  water  by  means  of  a  pump.  In  No.  98  he  speaks 
of  steam  only :  this  was  the  jnimup^  mobile  whose  effect  was  the  same  in 
whatever  directioii  it  was  conveyed  to  the  piston  ;  i.  e.  whether  through 
ascending,  descending,  curved,  angular  or  straight  tubes,  or  through  a 
number  of  them  meeting  in  the  cylinder  from  every  imaginable  direction ; 
the  steam  from  one  not  interfering  with,  or  being  counteracted  by,  that 
'from  others,  but  the  whole  *'  unanimously  and  with  harmony  agreeing, 
they  all  augment  and  contribute  strengtli  unto  the^  intended  work  and 
operation,"  viz.  in  pushing  the  piston  along.  It  seems  impossible  for 
Worcester  to  have  selec^d  a  feature  of  aeriform  lluids  better  adapted 
for  his  purpose,  or  to  have  made  use  of  it  more  sMlfully.  in  concealing 
his  meaning  by  riddles,  he  seems  to  have  equalled  the  most  expert  among 
the  ancients.*  In  No.  99  he  plays  in  a  similar  style  upon  the  piston,  and 
has  contrived  with  admirable  tact  to  contradict  (apparently)  one  of  the 
most  palpable  maxims  in  mechanics,  and  thus  to  divert  prying  curiosity 
into  a  wrong  track.  The  piston  was  attached  by  its  rod  to  one  end  of  a 
working-beam,  and  a* loaded  pump-rod  to  the  other,  so  that  when  the 
steam  was  turned  on.  the  small  piston  (which  he  compares  to  one  pound) 
was  pushed  down,  and  consequently  the  heavy  pump-rod,  or  the  water 
raised  by  it,  (compared  to  a  hundred  pounds) .  elevated  "  as  high  as  the 
one  pound  falleth."  In  No.  100  he  opens  his  views  still  further  by  stating 
it  to  be  a  water'toark,  for  draining  "  all  sorts  of  mines,  and  furnishing  cities 
with  abundance  of  water,  though  never  so  high  seated,"  and  that  its  action 
depended  upon  the  two  last  mentioned  inventions  (Nos.  98  and  99.)  In 
other  words; he  here  contemplates  the  pump  and  steam-engine  as  a  whole; 
but  lest  the  device  should  be  too  easily  apprehended,  he  throws  in  a  dash 
of  the  enigmatical,  declaring  it  was  so  contrived  "  that  a  child^s  force 
bringeth  up,  an  hundred  foot  high,  an  incredible  quantity  of  water,  even 
[a  column]  two  foot  diameter  ;"  that  is,  a  child  could  by  a  lever  open  and 
close  the  cocks,  or  valves,  by  which  steam  was  admitted  into  the  cylinder. 
The  uniformity  of  the  movements  of  a  steam-engine,  and  the  little  noise 

expense 


tng  them, — itt  working  incessantly  night  and  day,  and  the  trifling 
se  required  to  keep  it  in  repair,  are  now  well  unoerstood. 


•  Of  ancient  rtddien,  that  of  the  Sphynx  is  one  of  the  neatest.  What  animal  w  It  Uiat 
walks  on  four  lers  in  the  morning,  on  two  at  noon,  and  on  three  in  the  evening?  CEdip  Ji 
explained  it.  The  animal,  he  said,  wa.^  man,  who  in  the  morning  of  life  (in  infancy) 
erept  on  his  hands  and  feet,  at  the  noon  of  life  walked  erect,  and  in  the  evening  of  his 
days  supported  himself  with  a  stick. 
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Nothing  more  is  necessary  to  convince  as  that  Worcester  here  speaks 
of  a  steam-engine  working  a  pump.  No  other  solution  can  be  given — no 
other  conckision  arrived  at.  No  one  could  have  written  and  spoken  as  he 
has  done  without  having  either  seen  or  possessed  a  steam  engine.  Of  its 
value  he  was  fully  aware ;  for  in  the  patent  granted  by  Parliament  in 
1663  to  himself  and  his  heirs  for  the  long  term  of  ninety  years,  those  who 
pirated  the  invention  were  to  forfeit  five  pounds  for  every  hour  they  used 
It.  He  tells  us  that  it  was  the  result  of  *'  many  years  experience  and 
labor,"  and  when  it  was  complete,  he  poured  out  his  feelings  in  an  ad- 
dress to  the  Deity,  a  copy  of  which  was  found  among  his  papers,  entitled 
"  The  Lord  Marquis  of  Worcester's  ejaculatory  and  extemporary  thanks- 
giving prayer,  when  first  with  his  corporeal  eyes  he  did  see  finished  a 
perfect  trial  of  his  water-commanding  engine,  delightful  and  useful  to 
whomsoever  hath  in  recommendation  either  knowledge,  profit  or  pleasure." 
Can  any  one  suppose  he  here  was  mocking  his  Creator,  when,  m  the  pri- 
vacy of  his  closet,  he  prayed  that  he  might  not  be  **  puffed  up  *'  with  the 
knowledge  of  this  great  machine,  and 'returned  thanks  next  to  his  creation 
and  redemption  "  for  an  insight  into  so  great  a  secret  of  nature,"  and  finally 
desired  no  greater  monument  than  to  have  one  buried  with  him  1  Some 
men  have  lost  their  reason  by  the  excitement  attending  their  discoveries. 
Pythagoras  offered  a  hecatomb  to  the  gods,  and  Arcmmedetf  ran  naked 
through  the  streets  of  the  city.  Worcester  acted  more  like  a  philosopher 
and  a  Christian.  Had  he  imitated  the  Syracusan,  he  had  probably  been 
more  successful  in  securing  attention  to  his  discoveries. 

From  the  latter  part  of  the  99th  proposition,  we  infer  that  Worcester 
used  B.  forcing  pump,  as  he  intimates  that  the  effect  was  produced  by  the 
descent  of  a  weight  (on  the  pump-rod,)  not  by  its  ascent ;  and  this  agrees 
with  the  description  and  figures  of  old  water-engines.  In  '*  Art  and  Na- 
ture," published  as  before  observed  in  163^-4,  they  consist  of  forcing 
pumps  worked  by  large  tread  and  other  wheels— i.  e.  the  pistons  are^raised 
by  these  but  are  carried  down  by  their  own  weight,  or  that  of  weights 
with  which  they  are  loaded.  These  weights  were  sometimes  attached  to 
the  rod,  at  others  to  the  end  of  the  working-beams  to  which  the  rods  were 
connected ;  and  hence  they  were  named  *'  beetle-beams,"  from  their  re- 
semblance to  a  large  hammer.  Loading  the  piston-rod  of  pumps  did  nor 
therefore  originate  with  Moreland  or  Newcomen,  since  the  practice 
was  older  even  than  Worcester.  The  piston  in  Fludd's  pressure 
engine  is  an  example.  Such  pistons  were  named  '*  heavie  forcers,"  (a 
solid  piston  being  named  *'  a  forcer,"  and  the  upper  box  of  a  common 
pump  "  a  sucker.") 

As  Worcester  is  believed  to  have  applied  steam  to  work  a  pump,  it  wiU 
be  asked,  did  he  not  perceive  its  application  as  a  mover  of  machinery  in 
general— 'to  propel  boats,  &c.  1  Yes ;  and  he  has  left  a  proof  of  this  also. 
In  a  manuscript  (see  Stuart's  Anecdotes,  vol.  i,  56)  he  observes,  speaking 
of  the  device  No.  99,  '*  I  can  make  a  vessel  of  as  great  a  burden  as  the 
river  can  bear,  to  go  against  the  stream,  which  the  more  rapid  it  is,  the 
faster  it  shall  advance,  and  the  moveable  part  that  works  it,  may  be  by 
one  man  still  guided  to  take  advantage  of  the  stream  and  yet  to  steer  the 
boat  to  any  point ;  and  this  engine  is  applicable  to  any  vessel  or  boat 
whatsoever,  without  being  therefore  made  on  purpose ;  and  it  worketh 
these  effects :  it  roweth,  it  draweth,  it  drtveth  (if  need  be)  to  pass  London 
Bridge  against  the  stream  at  low  water;  and  a  boat  laying  at  anchor,  the 
engine  may  be  used  for  loading  and  unloading."  Besides  the  Century, 
Worcester  published  what  he  called  "  An  exact  and  true  Definition  of  the 
most  stupendous  Water-commanding  Engine,  invented  b}'  the  Riglu  Ho- 
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nourable,  (and  deservedly  to  be  praised  and  admired),  Edwa/d  Somerset, 
Lord  Marquis  of  Worcester,  ana  by  his  lordship  himself  presented  to  his 
most  excellent  Majesty  Charles  the  Second,  our  most  gracious  SQvereigp." 
This  was  a  tract  of  twenty-two  pages,  and  is  supposed  to  have  been  printed 
for  the  purpose  of  forming  a  company  to  introduce  the  device.  It  is  writ* 
ten  in  the  same  style  as  the  Century,  and  instead  of  describing  the  machine 
is  confined  to  an  enumeration  of  its  properties. 

In  Worcester's  day,  patents  for  aseful  inventions  were  often  classed 
with  the  most  unrighteous  monopolies,  and  the  holders  of  them  held  in 
^neral  contenspt.  This  may  serve  to  account  in  some  measure  for  the 
neglect  that  Ramseye  and  \^  orcester's  projects  met  with.  The  abomina* 
ble  abuse  which  Elizabeth,  James  and  Charles  made  of  the  power  to  grant 
patents,  excited  general  disgust.  Courtiers  and  others  obtained  monopo- 
lies for  nearly  all  the  chief  branches  of  trade,  and  sold  rights  in  them  to 
others,  so  that  prices  were  raised  to  an  exorbitant  height.  Had  patents 
been  confined  to  new  inventions,  the  result  would  have  been  beneficial ; 
but  exclusive  grants  were  obtained  to  work  and  sell  the  commonest  articles, 
as  salt,  iron,  lead,  coals,  and  even  bones  and  rags :  with  the  monopolists 
of  these,  {harput  and  horseleeches  as  Elizabeth  once  called  them)  the  au* 
thors  of  discoveries  and  improvements  in  the  useful  arts  were  confounded. 
in  a  masquerade  got  up  tor  the  entertainment  of  Charles  I,  in  1633, 
(among  the  managers  ot  which  were  Noy  the  Attorney  General,  Sir  John 
Finch  and  Mr.  Selden)  were  several  flings  at  monopolies,  as  hints  for  the 
king.  In  the  "  Antimasque  of  Projectors,"  says  Maitland,  "  rode  a  fellow 
upon  a  little  horse,  with  a  great  bit  in  his  mouth ;  and  upon  the  man's 
head  was  a  bit,  with  head-stall  and  reins  fastened,  and  signified  a  projector 
who  begged  a  patent,  that  none  in  the  kingdom  might  ride  their  horses,  but 
"with  such  bits  ss  they  should  buy  of  him.  Then  came  another  fellow 
with  a  bunch  of  carrots  upon  his  head,  and  a  capon  upon  his  fist,  describe 
iiig  [representing]  a  projector  who  begged  a  patent  of  monopoly,  as  the 
first  inventor  of  the  art  to  feed  capons  with  carrots ;  and  that  none  but 
himself  should  make  use  of  that  invention ;  and  have  the  privilege  for 
fourteen  years,  according  to  the  statute." 

Patting  out  of  view  his  political  conduct,  the  fate  of  Worcester  resem 
bled  that  of  great  inventors  in  almost  every  age.  In  some  respects  it  was 
peculiarly  severe.  The  heir  of  one  of  the  richest  and  most  powerful  fami- 
lies of  the  land,  he  devoted  his  wealth  and  his  energies,  for  more  than  one 
third  of  a  century,  to  useful  discoveries ;  and  in  his  old  age  he  was  re 
dttced  to  borrow  small  sums  to  meet  his  necessities ; — and  when  at  last 
the  profligate  Charles  was  restored,  although  Worcester  recovered  his 
demesne,  his  dwellings,  furniture,  papers,  models  and  machines  had  all 
been  destroyed,  and  he  was  overwhelmed  with  debt.  Still  his  energies 
were  stimulated  by  a  consciousness  of  the  importance  of  his  inventions, 
but  which,  alas !  his  contemporaries  were  unable  to  appreciate,  except  by 
insinuations  that  they  were  the  fruits  of  a  partial  insanity.  Finally  death 
stept  in  and  closed  his  labors  forever.  Then  it  was  that  his  widow,  who 
was  fully  sensible  of  the  value  of  his  great  machine,  used  her  exertions 
to  introduce  it ;  but  her  confessor,  a  Roman  Catholic  priest,  expostulated 
with  her  on  the  folly  and  sin  of  her  conduct,  and  solemnly  declared  to 
her  *'  on  the  faith  of  a  priest,"  that  if  she  did  not  cease  her  endeavors,  she 
would  not  only  lose  the  favor  of  heaven,  but  the  use  of  her  reason  !  She 
died  in  1681,  and  the  evil  genius  of  Worcester  did  not  even  then  cease 
its  persecutions;  for  posterity,  which  generally  corrects  the  errors  of  con* 
temporaries,  has  not  yet  done  justice  to  his  memory.  While  a  few  writers 
adroit  the  value  and  originality  of  his  inventions,  and  account  him  one  of 
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the  chief  authors  of  the  steam-ennne,  others  condemn  the  ^  Centur  j  '*  as 
B  n^ass  of  absurdities,  and  deny  his  ever  having  constructed  a  steam-ma- 
chine at  all.  Those  persons  however  who  entertain  the  latter  opinion^ 
evince  as  much  credulity  as  others,  £ot  they  cannot  deny  that  he  has  des- 
crihed  the  peailiar  properties  of  the  great  chefd^amwe  of  human  ingenuity 
(a  high-pressure  steam-engine)  with  a  degree  of  accuracy  of  which  history 
afiitrds  no  parallel ;  and  hence,  if  he  lacked  truth  he  possessed  prescience, 
and  while  they  reject  him  as  an  inventor,  they  must  admit  him  as  a 
prophet. 

In  the  annals  of  the  arts,  there  is  not  to  be  found  a  more  singular  exam- 
ple of  devotion  to  their  improveme^^  «iither  as  regards  the  number  of 
years  or  the  amount  of  treasure  spent,  the  importance  of  the  results  or  the 
ardor  with  which  they  were  pursued,  and  the  efforts  made  to  excite  public 
attention  to  them.  Whatever  others  may  have  done  before  him,  they  led 
no  account  of  their  labors.  Worcester  is  the  first  to  communicate  with 
the  public  by  means  of  the  press,  and  to  give  a  tangible  description  (al- 
though an  intentionally  obscure  one)  of  his  discoveries — -(for  we  do  not 
reckon  either  the  device  of  Branca  or  Decaus  among  such.)  On  this  so- 
I  count  alone  he  is  entitled  to  the  praise  of  every  modem  engineer ;  and 

had  he  but  fulfilled  his  promise  of  leaving  detailed  accounts  illustrated 
with  engravings,  his  fame  would  have  endured  as  long  as  the  steam-engine 
itself.  If  he  were  not  the  great  magician  who  evoked  the  mighty  spirit 
thai  lay  dormant  in  steam — who  pointed  out  its  power  and  the  means  of 
employing  it^who  revived  the  project  of  Graray  and  embodied  and  ex- 
tended the  apparatus  of  Porta— it  may  be  asked  who  was  1  And  although 
none  of  his  machines  are  extant,  nor  any  of  his  immediate  successors  have 
had  the  candor  to  acknowledge  their  obligations  to  him,  it  is  not  less  the 
duty  of  historians  to  uphold  his  claims  until  evidence  shall  be  adduced  to 
establish  those  of  another— until  some  older  and  clearer  fountain  than 
his  Century  of  inventions  shall  be  discovered — ^from  which  streams 
equally  unacknowiedged  have  been  drawn.  We  cannot  but  hope  that 
the  obloquy  and  uncertainty  under  which  his  name  is  yet  shrouded  will 
eventually  ^e  dispersed,  when  he  will  be  esteemed  one  of  the  most  re- 
markable me^;hanicians  of  modern  times,  and  be  associated  with  the  Das- 
daluses  and  Arrhytases  of  antiquity. 

How  similar  U)  Worcester's  manner  of  announcing  his  discoveries,  is 
the  following  one  from  Glauber,  an  older  writer !     It  appears,  at  the  first 

fiance,  as  absurd  as  any  thing  in  the  Century.  "  A  certain  secret  by  the 
elp  whereof  wines  are  easily  transported  from  mountainous  places,  re- 
mote from  rivers  and  destitute  of  other  conveniences  of  carriage,  so  that 
the  carrying  of  ten  vessels  is  of  cheaper  price  than,  athenoite,  the  carrying 
of  one,**  This  passage,  he  observes,  offended  many  both  learned  ancf  un- 
learned, who  "believed  the  thing  iaapossible,  and  nothing  but  dreams  and 
fancies."  He  was  so  much  quizzed  about  it  as  to  regret  having  mentioned 
it  **  Many  judge  this  thing  incredible  because  of  the  want  of  winged  carU^ 
that  need  not  horses !  confirming  one  the  other  in  unbeliefe,  leading  one 
another  after  the  manner  of  the  blind.''  His  plan  was  to  take  the  juice  of 
the  grape  before  fermentation  commenced,  and  concentrate  it  by  boiling 
till  it  became  of  **  the  consistence  of  honey."  The  water  being  thus  eva- 
porated reduced  the  wine  to  less  than  one  tenth  of  its  former  bulk  and 
weight,  while  it  still  retained  the  strength  and  virtue  of  the  whole;  for 
**Dew  wine  decocted  and  inspissated  before  its  fermentauon  loseth  nothing 
c£  its  virtues :"  hence  it  could  be  transported  at  one  tenth  the  expense. 
When  used,  it  was  to  be  diluted  with  the  same  quantity  of  water  as  was 
evaporated  frc  m  it     (Treatise  on  Philos.  Furnaces :  Lond.  1651 ,  p.  358.) 
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The  adoption  of  some  mode  of  concentrating  wines  as  abcve,  would 
produce  an  immense  saving  in  their  freight  and  carriage  over  the  glof>e, 
and  would  consequently  greatly  reduce  their  cost.  It  would  also  defeat 
the  enormous  frauds  that  are  practiced  in  the  manufacture  of  artificial 
wines — mixtures  in  which  not  a  drop  of  the  juice  of  the  grape  is  said  to 
enter.  Glauber  says,  "  the  new  wine  is  not  to  be  inspissated  in  caul- 
drons/' on  account  of  the  taste  which  it  would  contract  from  the  metal. 


CHAPTER    \  II. 


HftuiefBuine,  Huyfhens  and  Ilooke — Moreland — His  table  of  eylindars— His  pnmpi  worked  hy  ■ 
^indrical  hifh-prouurn  steam-engine— He  made  no  claim  to  a  sieam-enfine  in  Bnfland— Simple  do 
viee  by  which  he  probably  worked  his  plunger  pump>«-lnventions  of  bis  at  Vauxball — ^Auecilotr  of  him 
from  Evelyn's  Diary— Early  steam  projectors  courtiers — Ridiculous  origin  of  some  honors — Edict  of 
Nantea—Papin— Digesters— Safety  ralve— Papin's  plan  to  transmit  power  throuj(h  pipes  by  means  of 
•ir^-Cause  of  its  failure— Another  plan  by  compressed  air — Papin's  experiments  to  move  a  piston  by 
f  nnpowder  and  by  steam — The  latter  abandoned  by  him — The  safety  valve  Improved,  not  invented  by 
Papifl — Mercurial  safety  valves — Water  lute— Steam  machine  of  Papin  for  raising  water  and  imparting 
■u>cion  to  raaehinery. 

Towards  the  latter  part  of  Worcester's  life,  a  young  Frenchman  was 
fast  rising  into  notice.  This  was  John  Hautefeuille,  the  son  of  a  baker  at 
Orleans,  and  one  of  the  most  brilliant  mechanicians  of  the  age.  He  was 
in  his  twentieth  year  when  Worcester  died.  The  device  for  regulating 
the  vibration  of  the  balance  in  watches  by  a  spring,  whence  arose  the 
name  of  pendulum  watches,  was  invented  by  him,  and  was  subsequently 
improved  by  Huyghens.  Hautefeuille  entered  the  church  and  became 
an  abbe.  He  wrote  several  tracts  on  subjects  connected  with  mechanics 
In  167S  he  proposed  steam  as  a  sorarce  of  power,  and  applied  it  to  give 
motion  to  a  piston.  Instead  of  aqueous  vapor  he  also  proposed  the  alter- 
nate evolution  and  condensation  of  the  vapor  of  alcohol,  in  such  a  manner 
that  none  should  be  wasted ;  and  both  he  and  Huyghens  gave  motion  to 
pistons,  by  exploding  small  charges  of  gunpowder  in  cylinders.  In 
1678,  Dr.  Hooke  proposed  a  steam-engine  on  the  atmospheric  principle, 
but  the  only  information  respecting  it  is  in  a  memorandum  to  that  effect 
found  among  the  papers  of  Dr.  Robison,  the  author  of  the  treatise  on  Me 
chanical  Philosophy. 

These  examples  of  imparting  motion  to  a  piston  by  afiriform  fluids  art 
interesting,  inasmuch  as  they  show  that  the  device  was  not  very  novel  in 
the  middle  of  the  17th  century,  and  that  mechanics  in  different  countnes 
were  familiar  with  it. 

We  must  now  refer  to  another  member  of  the  English  court,  a  contem- 
porary of  Worcester,  and  like  him  actively  engaged  in  the  politics  of  the 
times,  but  who  on  the  other  hand  adhered  to  the  commonwealth  until  the 
latter  part  of  Cromwell's  administration.  We  are  told  that  one  evening, 
near  midnight,  an  interview  took  place  between  Cromwell  p.nd  Thurloe 
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his  tecretarj,  al.  tbe  hoaae  of  the  latter,  on  some  staU  business  that  rpquired 
tlie  utmost  secrecy.  It  was  not  till  the  matter  had  been  opened  that  the 
Protector  became  aware  of  a  third  person  being  in  the  room,  when  he  is 
said  to  have  drawn  his  dagger,  and  would  have  dispatched  the  supposed 
intruder,  had  not  Thurloe  guaranteed  silence  on  the  part  of  his  sleeping 
attendant.  This  was  Samuel  Mnreland,  the  inventor  of  the  plunger  pump. 
He  was  then  employed  by  and  in  the  confidence  of  the  secretary,  and  was 
asleep,  or  aiTected  to  be  so,  during  the  interview.  On  this  or  some  other 
occasion,  he  overheard  the  discussion  of  a  plan  to  take  off  the  exiled  king; 
to  whom  he  disclosed  the  whole,  and  was  rewarded  with  a  title  at  the 
restoration. 

It  is  not  known  when  Moreland  first  turned  his  attention  to  mechanics: 
probalily  not  till  the  restoration.  As  a  fiivorite  of  Charles  II,  and  a  groom 
of  the  privy  chamber,  he  must  often  have  met  Worcester  at  court;  while 
from  their  congenial  habits  and  pursuits  as  mechanicians,  they  were  most 
likely  on  familiar  terms  with  each  other.  As  master  of  mechanics  to  the 
king,  Moreland  was  no  doubt  one  of  those  who  visited  a,nd  examined  the 
machine  erected  by  Worcester  at  Vauxhall,  and  as  a  matter  of  course  he 
often  perused  the  Century  of  Inventions.  He  has  not  however  had  the 
ingenuousness  to  mention  any  of  these  things ;  but  notwithstanding  this,  we 
cannot  believe  so  far  as  his  applications  of  steam  are  concerned,  that  he  was 
not  indebted  either  to  the  machine  itself,  to  the  Century,  or  to  personal  in- 
tercourse with  Worcester,  and  probably  to  them  all.  The  first  invention  of 
Moreland  that  we  hear  of  is  the  pump  that  he  patented  in  1675,  and  on  which, 
according  to  one  writer,  he  had  previously  spent  twelve  years.  This  carries 
the  date  back  to  about  1663,  the  year  in  which  the  Century  was  published. 
It  is  not  at  all  unlikely  that  this  famous  pamphlet  first  induced  Moreland 
(as  well  as  many  others)  to  turn  his  attention  to  mechanical  discoveries, 
and  furnished  him  with  materials  to  work  upon.  In  the  manuscript  volume 
presented  by  him  to  the  French  king  in  1683,  (see  page  273)  and  now 
preserved  in  the  British  museum,  there  is  a  very  short  chapter  on  fire  or 
steam  engines,  of  which  the  following  is  a  translation  :-^ 

''  The  principles  of  the  new  Farce  of  Fire,  invented  by  the  Chevalier  More- 
land,  in  the  year  1682,  and- presented  to  his  most  ChrisHan  Majesty,  16S3. 

"  Water  being  evaporated  by  the  force  of  fire,  these  vapors  immediately 
require  a  greater  space  (about  two  thousand  times)  than  the  water  occu- 
pied before,  and  too  forcible  to  be  always  imprisoned,  will  burst  a  piece 
of  cannon.  But  being  governed  according  to  the  rules  of  statics,  and  re- 
duced by  science  to  measure,  weight  and  balance,  then  they  will  peace- 
ably carry  their  burden,  (like  good  horses)  and  thus  become  of  great  use 
to  mankind  ;  particularly  to  raise  water  according  to  the  following  table, 
which  shows  the  number  of  pounds  which  can  be  raised  1800  times  per 
hour  to  six  inches  in  height,  by  cylinders  half  filled  with  water,  as  well 
as  the  different  diameters  and  depths  of  those  cylinders  : — 
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As  this  18  all  that  Moreland  has  left  on  the  subject,  it  is  difllicult  if  not 
impossible  to  ascertain  the  precise  construction  of  his  apparatus.  He  is 
as  silent  respecting  the  manner  and  details  by  which  the  object  was  ac- 
complished as  Worcester  himself,  and  hence  the  8team-engt»e  of  one  is 
quite  as  much  a  riddle  as  that  of  the  other.  Were  these  "cylinders" 
generators  of  steam — ^boilers  1  or  were  they  separate  vessels  for  the  re 
ception  of  water,  and  from  which  it  was  expelled  by  the  vapor,  as  from 
the  receivers  of  Savery  ]  or,  working  cylinders,  whose  pistons  were  moved 
by  the  expansive  force  of  steam  1  or,  lastly,  were  they  pump  chambers, 
by  which  the  liquid  was  raised  ?  -  We  suppose  they  were  the  last.  Had 
they  acted  on  the  principle  *of  Savery's  receivers,  they  could  never  have 
been  filled  and  discharged  thirty  times  a  minute,  or  1800  times  an  hour. 
Then  as  Moreland  speaks  only  of  high  steam,  it  can  hardly  be  imagined 
that  he  used  or  thougiit  of  using  its  expansive  force  to  move  pistons  in  the 
largest  cylinders  he  has  named,  or  made  calculations  for  the  employment 
of  ninety  of  them.  Wliere  could  he  have  got  a  boiler  sufficiently  strong 
and  capacious  to  supply  a  cylinder  twelve  feet  long  and  six  in  diameter, 
to  say  nothing  of  the  difiiculty  of  making  such  cylinders  1  Yet  he  speaks 
of  them  as  nothing  extraordinary.  Nt)W  there  was  no  difficulty  in  making 
them  of  all  the  dimensions  namedybr  his  plunger  pumps,  (see  No.  123  of 
our  illustrations)  for  the  simple  reason  that  they  were  not  required  to  be 
bored  ;  as  the  piston  or  plunger  worked  in  contact  only  with  the  collar  of 
leathers  or  stuffing  box  at  the  top.  That  it  is  to  these  he  refers  appears 
also  from  the  terms,  "reduced  by  science  to  measure,  weight  and  balance," 
these  being  the  very  same  that  he  used  when  he  claimed,  by  the  invention 
of  this  pump,  to  have  "  reduced  the  raising  of  water  to  weight  and  meU' 
sure,*^  viz.  by  comparing  the  weight  of  the  loaded  plunger  to  the  quantity 
of  water  displaced  from  the  cylinder  by  its  descent,  (see  page  273) — and 
thence  the  number  of  pounds  raised  by  each  cylinder  in  the  preceding 
table,  would  be  the  sum  of  thu  weights  on  each  plunger.  The  term  "  six 
inches"  probably  arose  from  that  being  the  length  of  stroke  of  his  ex  pen 
mental  plunger ;  the  length  of  the  other  cylinders  and  their  effects  being 
calculated  from  \u  The  cylinders  being  only  "  half  filled  with  water," 
would  then  refer  co  liiat  quantity,  or  .about  that,  being  expelled  at  eai:h 
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stroke,  because  the  plungers  would  occupy  one  be  If  only  of  the  interioi 
capacities  of  the  cylinders.     See  the  figure  of  one  on  page  272. 

If  this  view  of  Moreland's  project  be  correct,  then  he  merely  used 
steam  to  work  his  plunger  pump ;  and  therefore  could  not  justly  claim  m 
1682  to  have  in^  Anted,  but  only  to  have  applied,  the  "  force  of  fire." 
That  he  employe  J  d  simple  form  of  a  high-pressure  engine,  in  other  words 
moved  a  piston  by  the  elasticitv  of  the  vapor,  like  Hautefeuille  and  Wor- 
cester, we  have  little  doabt.  His  language  intimates  that  steam  was  th^n 
rendered  so  manageable  as  to  be  applicable  to  numerous  operations  '*  for 
the  benefit  of  mankind,"  of  which  the  raising  of  water  was  the  only  one 
under  his  consideration.  He  obviously  was.  in  possession  of  the  means 
of  imparting  nfotiqn  to  90IUU  by  steam,  and  thus  making  it  peaceably 
to  carry  burdens,  or  overcome  resistances,  "  like  good  horses :" — In- 
deed, one  might  almost  suppose  from  his  ap[)arcnt  carelessness  in  not 
mentioning  the  mode  in  which  the  steam  was  applied,  viz.  in  giving 
motion  to  a  piston,  that  explanation  on  this  point  was  then  no  lon^«^r 
necessary. 

It  is  smgular  that  Moreland  made  no  claim  for  this  invention  in  EnglamtL 
Why  was  this,  if  he  had  any  1  Does  it  not  imply  that  he  did  not  invent 
the  steam  part  of  the  apparatus  1— else  why  not  have  patented  it  as  well 
as  the  pump  1  for  the  object  deserved  it,  and  the  prospects  of  remunt^ra 
tion  were  as  promising  at  home  as  in  France.  The  fact  is,  he  could  not 
claim  the  piston  steam-engine  where  the  labors  of  Worcester  and  otners 
were  still  \n  remembrance,  and  where  some  of  their  machines  were  pro- 
bably extant.  As  an  educated  man  and  an  enlightened  mechanic,  More 
land  was  not  ignorant  of  the  labors  of  Ramseye,  Fludd,  Hautefeuille  and 
Worcester.  It  is  pretty  clear  that  he  lit  his  candle  at  the  lamps  of  these 
men,  and  particularly  the  latter ;  for  in  the  short  chapter  on  steam  quoted 
above,  he  has  copied  both  the  ideas  and  the  language  of  the  author  of  the 
Century  of  Inventions.  C>ne  observation  is  highly  creditable  to  him,  if  he 
was  the  author  of  the  experiments  from  which  it  was  deduced,  viz.  the 
relative  volume  of  steam  and  water.  A  quantuy  of  the  latter  when  con- 
verted into  the  former  occupies,  he  observes,  2000  times  its  former  space: 
modern  experiments  make  it  between  1800  and  1900  times. 

Of  several  simple  modes  by  which  Moreland  may  have  applied  steam  ' 
to  work  his  pumps,  we  shall  mention  one : — Let  a  smoll  steam-cylinder, 
open  at  the  top,  be  placed  under  the  same  end  of  a  vibrating  beam  as  the 
plunger  of  the  pump ;  the  piston  rods  of  both  cylinders  bemg  connected 
to  the  beam :  then,  by  turning  a  three-way  steam-cock,  the  vapor  would 
rush  into  the  bottom  of  the  steam-cylinder,  and  pushing  up  the  piston, 
would  raise  the  beam  and  the  loaded  plunger  of  the  pump ;  and  by  then 
turning  the  cock  so  as  to  close  the  communication  between  the  cylinder 
and  the  boiler,  and  to  open  one  between  the  former  and  the  external  air, 
the  bteam  would  escape,  and  the  weights  on  the  plunger  would  cause  it 
with  the  beam  and  steam- piston,  to  descend.  By  turning  the  steam-code 
as  before,  the  stroke  would  be  repeated.  The  only  objection  to  sudi  a 
device  is,  that  it  is  too  crude  to  be  atti-ibuted  to  Moreland ;  for,  fn'»m  the 
advantages  he  possessed  in  knowing  all  that  had  been  previously  done, 
there  can  be  little  doubt  that  he  was  in  possession  of  a  self-acting  cncnoe, 
and  of  the  knowledge  of  increasing  its  energy  according  to  the  different 
eized  pumps  required  fo  be  worked  by  it. 

Moreland  pos^^ssed  a  natural  turn  for  mechanics,  and  during  the  larter 
half  of  his  life  devoted  himself  almost  exclusively  to  the  invention  and 
improvement  of  useful  machinery.  Were  a  description  of  his  and  Wor- 
eester's  workshops  now  extant,  it  would  possess  more  reai  interest  than 
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Any  thing  which  history  or  tradition  has  handed  down  about  round-heads 
and  cavaliers.  He  had  a  place  Btred  up  at  the  expense  of  government, 
with  the  requisite  apparatus  for  carrying  on  his  researches,  at  which 
Charles  sometimes  assisted  ;  and  he  speaks  of  having  moreover  expended 
large  sums  of  his  own  in  experiments,  to  please  the  king's  fancy.  Of  the 
number  of  curious  things  here  contrived,  besides  his  speaking  trumpet, 
capstan,  pumps  and  steam-engines,  we  nray  judge  from  what  is  reported 
of  ills  dwelling  house  at  Vauxhall,  every  part  of  which  exhibited  proofs 
of  his  inventive  mind  ;  even  the  side  table  in  his  dining  room  was  supplied 
^Krith  a  large  fountain,  and  tlie  glasses  stood  under  little  streams  of  water. 
His  coach  too  contained  a  portable  kitchen  with  clock-work  machinery, 
by  which  he  could  make  soup,  broil  steaks,  or  roast  a  joint  of  meat. 

Vauxhall  gardens,  as  a  place  of  public  resort,  appear  to  have  originated 
in  the  curious  things  constructed  there  by  Moreland.  Aubrey,  in  his  His- 
tory of  Surrey,  slates  that  in  1667,  Sir  Samuel  **  built  a  fine  room  at 
Vauxhall,  the  inside  all  of  looking-glass,  and  fountains  very  pleasant  to 
behold,  which  is  much  visited  by  strangers.  It  stands  in  the  middle  of 
the  garden,  covered  with  Cornish  slate,  on  the  point  whereof  he  placed  a 
'  punchinello  very  well  carved,  which  held  a  dial ;  but  the  winds  have  de- 
molished it."  *'  The  house  [observes  Sir  John  Hawkins]  seems  to  have 
been  rebuilt  since  the  time  that  Sir  Samuel  Moreland  dwelt  in  it ;  and 
there  being  a  large  garden  belonging  to  it  planted  with  a  great  number 
of  stately  trees,  and  laid  out  in  shady  walks,  it  obtained  the  name  of  Spring 
Grardens,  and  the  house  being  converted  into  a  tavern  or  place  of  enter- 
tainment, it  was  frequented  by  the  votaries  of  pleasure." 

Moreland's  attachment  to  mechanics  continued  unabated  in  his  old  age, 
and  even  after  his  sight  was  lost.  A  pleasing  proof  of  this  is  given  in  the 
diary  of  the  celebrated  John  Evelyn.  *•  October  25,  1695.  The  arch- 
bishop and  myselfe  went  to  Hammersmith  to  visite  Sir  Sam.  Moreland, 
who  was  entirely  blind  ;  a  very  mortifying  sight.  He  shewed  us  his  in- 
vention of  writing,  which  was  very  ingenious,  also  his  wooden  kalender 
which  instructed  him  all  by  feeling,  and  other  pretty  and  useful  inventions 
of  mills,  pumps  &c.  and  the  pump  he  had  erected  that  serves  water  to  his 
garden,  and  to  passengers,  with  an  inscription,  and  brings,  from  a  filthy  part 
of  the  Thames  neere  it,  a  most  perfect  and  pure  water.  He  had  newly 
buried  o£200  worth  of  music  books,  six  feet  under  ground,  being,  as 
he  said,  love  songs  and  vanity.  He  plays  himselfe  psalms  and  religious 
hymns  on  the  Theobo." 

It  is  singular  that  almost  all  the  early  English  steam  machinists  and 
supposed  experimenters  were  courtier*.  Bacon  was  Lord  Chancellor; 
Ramsey e,  groom  of  the  privv  chamber  to  Charles  I ;  Worcester,  a  mar- 
quis and  a  general ;  Moreland,  a  knight,  and  groom  of  the  privy  or  bed 
chamber*  to  Charles  II ;  and  Bushell  and  Savery  held  offices  under  the 
government. 


■  It  is  a  natural  in(|iiiry,  what  odd  duties  were  attached  to  such  an  office,  that  gentlemen 
should  desire  to  perform  them?  and  particularly  to  such  beauts  as  Charles II  or  George 
IV?  An  analysis  of  the  honors  which  moriarchs  bestow,  would  afford  amudeineiit  and 
instruction  to  American  readers.  It  would  add  to  the  causes  of  honest  exultation  in  the 
Ibanders  of  our  republic,  for  their  excluding  i^uch  fooleries  from  our  sijores.  Our  ex- 
ample in  this  respect  as  well  as  in  others,  is  destined  by  Providence  to  exert  a  sniuiary 
influence  on  the  world.  A  spirit  of  enquiry,  and  ideas  of  self  respect,  are  already  be- 
coming too  prevalent  for  men  to  be  kept  much  longer  in  a  mere  state  of  pupilage,  to  be 
governt^d  like  children  through  the  medium  of  their  senses,  with  pageants  and  high 
sounding  titles,  costumes  and  ceremonies,  tinsel  and  gewgaws.  Those  persons  who 
have  no!  r«;fl6cted  on  the  subject,  have  need  of  a  large  share  of  faith  to  believe  one  half 
tlie  CtTcunisiances  connooied  wi!l.  tho  origm  ana  the  conferring  )f  titles,  so  truly  pr^ 
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The  next  experiments  on  steam  of  which  we  have  any  account  were 
made  by  a  Frenchman,  but  not  in  France.  The  reason  of  this  may  as 
well  be  noticed,  since  it  will  serve  to  show  how  great  the  blessings  are 
which  we  enjoy  over  the  poople  of  the  old  woHd.  Of  all  the  difiereDt 
species  of  tyranny  under  which  Europe  has  groaned  and  still  groans,  that 
by  which  the  inhabitants  are  co.npeiled  to  adopt  such  articles  of  religious 
faith  as  their  governors  choose  to  give  them,  is  the  most  diabolicaL  This 
may  be  considered  as  the  climax  of  human  degradation,  and  of  human 
oppression.  No  feeling  mind  can  contemplate  without  horror  the  acts  of 
those  despots  who,  not  content  with  consuming  the  substance  and  tyran- 
nizing over  the  bodies  of  their  subjeclj,  as  they  call  them,  insist  on  sub- 
duing their  minds  and  consciatret  also  !^-despots  *who,  though  covered 
with  crime,  blasphemous.y  set  themselves  up  as  "  Heads  of  the  Church!" 
and  "  Defenders  of  the  Faith  !*'  and  this  too  by  the  "  grace  of  Cfod  1" — 
And  these  Heads  of  the  Church,  in  order  to  defend  "  the  Faith,"  have 
harassed,  plundered,  hanged,  shot  and  even  burnt  alive  both  men  and  wo- 
men who  would  not  acknowledge  them  as  such !  Thus  it  was  when  die 
edict  of  Nantes,  which  Henry  IV  established  to  protect  his  Protestant^ 
subjects  in  their  civil  and  religious  rights,  was  revoked  by  Louis  XIV,  it 
became  the  signal  for  the  most  violent  persecutions  of  that  people.  Their 
children  were  taken  from  them  and  placed  under  Papist  teachers — ^they 
were  compelled  by  the  penalty  of  military  execi^ition  to  embrace  the  Ro- 
nian  faith — a  price  was  set  on  the  heads  of  those  who  refused^-a  twentieth 
part  of  their  whole  number  was  butchered — ^half  a  million  fled  into  other 
lands  (as  the  Pilgrims  did  to  this)  that  they  might  be  at  liberty  to  worship 
God  according  to  their  own  consciences.  In  this  wsiy  the  most  ingenious 
and  avowedly  the  most  industrious  mechanics  of  France  w^ere  driven 
into  exile ;  and  by  a  righteous  and  retributive  Providence,  the  staple  ma 
nufactures  of  that  kingdom  were  transferred  to  other  nations. 

Of  those  who  took  refuge  in  England  was  Papin,  a  native  of  Blois;  a 
physician  and  philosopher,  and  one  of  the  most  talented  of  the  early  ex- 
perimenters on  steam  and  air :  a  man  of  whom  any  country  might  have 
been  proud,  and  who,  though  France  ikfn  cast  out  as  a  disgrace,  she 
now  claims  honor  to  herself  for  having  given  him  birth;  and  mourns  that 
the  records  of  his  labors  are  only  to  be  found  in  foreign  archives.  What 
a  commentary  on  religious  persecution,  that  the  only  claims  which  Roman 
Catholic  France  has  or  can  set  up  for  a  share  in  the  invention  of  the 
steam-engine,  are  based  on  the  ingenuity  of  a  Jew  and  a  Protestant! — on 
Si'lomon  Decaus  and  Denys  Papin. 

Through  the  influence  of  the  celebrated  Boyle,  Papin  was  elected  a 
fell  J  AT  of  the  British  Royal  Society  in  December,  1680.  He  was  an  ac- 
tive and  useful  member,  and  contributed  several  interesting  papers  to  the 
Society's  Transactions.  In  1681  he  invented  a  method  of  sottening  bunes, 
with  a  view  to  extract  nourishing  food  from  them,  viz.  by  submitting  them 
to  the  action  of  steam  at  high  temperatures,  in  close  vessels  named  digesters 


posteroua  are  th«y.  The  Orden  were  derived  from  all  sorts  of  thiofs,  as  the  moon, 
■tiirs,  dugs,  Iforses,  sworrU,  flowem,  stones,  shells  birds,  pigs,  the  Savior,  ang^  saints, 
women — and  there  was  even  au  order  of /oofs:— elephants,  thistles,  moanuios,  blood, 
woo),  a  table— 4nd  who  does  not  know  that  "  Uie  moat  honorable  **  of  Rngliali  Orders  at 
the  present  day  are  thor<e  of  the  batfung  tub,  or  htUh!  and  of  the  farter!  The  ceremo- 
niefl  aUending  these  can  only  be  equalled  for  mummeries  and  childish  puerilities  by  the 
old  interludes,  as  those  of  "The  Bishop  of  Fools"  and  -  The  Aobot  of  Unreason  "^ 
Such  are  the  thiuss  that  distinguish  "  the  orivileged  orders  '*  of  Europe— tlmt  are 
deemed  necessary  to  maiotiin  '*  Ch«s  dignity  oF  tfaa  crown,'*— «iid  t^  iiMmmmnf  of  the 
people. 
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There  seems  however  to  be  some  mistake  respecting  the  date  just  men- 
tioned, which  is  the  one  generally  assigned;  for  in  the  second  volume  of 
Boyle's  Works  (by  Shaw,  Lon.  1725)  are  details  of  e«periments  on  boiling 
beef  &c.  "  in  screw'd  vessels  or  dtgestors,"  in  the  btjginning  of  the  year 
1679 — thus :  **  January  29.  Eight  days  ago  I  fiU'd  a  screwed  vessel  wiik 
bi*ef  and  water  together,  and  when  it  had  continued  over  a  moderate  fire 
fi>r  8  or  9  hoars  in  balneo  maria  [a  water  bath]  stopp'd  also  with  a  screw, 
1  took  the  flesh  out,*'  &c.  "  Feb.  10.  I  boil'd  a  coi^  heel  after  the  same 
manner  as  I  \iftd  done  the  flesh  above  mention 'd,  but  left  it  for  four  hours 
or  more  upon  a  moderate  fire ;  then  the  vessels  being  unstopp'd,  we  found 
the  flesh  exceedingly  well  boiled,  anc^  the  bones  so  soft  that  they  might  be 
easily  cut  with  a  knife  and  eaten."  "  Feb.  12.  I  repeated  the  experiment 
and  let  the  vessel  remain  exposed  to  the  fire  for  12  hours,"  &c.  -  -  -  ^  - 
**  Hence  it  appears  that  many  bones  and  hard  tendons,  which  we  daily 
throw  away  as  unprofitable,  may,  by  the  help  of  a  balneo  maricB  stopp'd 
with  a  screw,  be  converted  into  good  nourishment."  pp  550,  551. 

Papin's  first  digesters  were  as  liable  to  b^  rent  asunder  as  eolipiles 
placed  on  a  fire  with  their  orifices  stopped.  They  are  figured  in  detail  in 
Foliniere's  Experiences  de  Physique^  2d  ed.  Paris  1718.  Each  consisted 
of  a  short  but  very  thick  tube,  of  hell-metal,  about  a  foot  in  length  and 
five  inches  in  diameter,  with  one  end  closed.  The  open  end  had  a  collar 
cast  on  it,  to  which  the  cap  or  cover  was  secured  by  clamps  and  a  screw. 
The  cover  and  end  of  the  tube  were  ground  together  so  as  to  fit  air-tight, 
like»a  valve  to  its  seat.  A.  few  bones  and  a  little  water  were  put  in,  and 
the  cover  screwed  down  ;  thb  vessel  was  then  laid  in  a  horizontal  position 
on  a  bed  of  charcoal  in  a  long  iron  grate.  The  almost  unavoidable  rup- 
ture of  these  vessels,  led  Papm  to  the  invention  of  the  lever  safety-valve, 
which  he  first  applied  to  them,  and  afterwards  to  machines  for  raising 
water  by  steam. 

Notwithstanding  the  practical  knowledge  of  the  properties  of  steam 
acquired  by  the  employment  of  digesters,  Papin  does  not  appear  to  have 
had  any  idea  of  using  it  as  a  mechanical  agent  till  some  years  after.  His 
first  paper  on  the  subject  of  raising  water  is  dated  July,  1685,  (Phil.  Trans, 
vol.  XV,  page  1093;  Abridgment,  vol.  i,  page  539)  entitled  "A  New  Way 
of  Raising  Water,  enigmatically  proposed."  Three  different  solutions 
were  sent  in,  after  which  he  explained.  The  device  was  a  small  fountain, 
in  which  the  liquid  was  raised  by  a  piston  bellows  ''  put  in  some  secret 
place,  where  a  body  may  play  the  same."  The  application  of  the  device 
was  then  pointed  out,  viz.  to  draw  water  from  mines,  by  means  of  a  run- 
ning stream  located  "  far  distant "  from  them  :  in  other  words,  to  transmit 
power  to  a  considerable  distance  by  means  of  air. 

His  plan  was  this :  a  series  of  air-tight  receivers  were  to  be  placed,  12 
feet  above  each  other,  in  the  shaft ;  the  highest  on  a  level  with  the  ground, 
and  the  lowest  12  feet  above  the  bottom  of  the  pit.  The  water  was  to  be 
transferred  by  the  pressure  of  the  atmosphere  from  one  receiver  to  ano- 
ther, till  it  was  discharged  above.  For  this  purpose  a  pipe  extended  from 
the  water  to  the  bottom  of  the  lowest  vessel ;  another  pipe  from  the  lower 
part  of  this  to  the  next  one,  and  so  on  to  the  top ;  and  to  prevent  the  water 
from  running  back,  the  upper  orifice  of  each  pipe  was  covered  by  a  valve. 
The  mode  by  which  he  alternately  withdrew  air  from  and  admitted  it  into 
the  receivers,  constitutes  the  main  feature  of  the  plan.  The  upper  parts 
of  every  two  receivers  were  connected  by  branch  pipes  to  a  long  one  a& 
tached  to  the  bottom  of  a  separate  air-pump,  which  was  to  be  placed  near  a 
water-wheel  impelled  by  the  current ;  and  the  piston  was  to  be  worked  by 
a  crank  formed  on  the  shaft  of  the  wheel.     The  operation  of  two  pumps 
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and  four  receivers  will  be  sufRcient  for  the  purpuse  of  illustratioii.  Tlie 
pump  cylinders  were  open  at  the  top.  They  had  no  valves,  and  but  goa 
small  opening  at  the  bottom  of  each  where  the  long  air-pipe  was  united; 
and  the  capacity  of  each  cylinder  was  equal  to  that  ox  two  receivers.  The 
cranks  were  so  arranged  that  as  one  piston  ascended  the  other  descended. 
It  was  not  two  adjoining  receivers  that  were  connected  to  the  same  pump, 
but  the  lowest  and  the  next  but  one  above  it,  i.  e.  Nos.  1  and  3,  while  to 
Nos.  2  and  4  the  pipe  of  the  other  pump  was  attached.  Then  as  the 
piston  of  the  first  mentioned  pump  was  raised,  the  air  i%  Nos.  1  and  3 
would  be  rarefied  by  rushing  into  the  pump  cylinder,  and  water  would  be 
forced  into  them  by  the  atmosphere :  in  the  mean  time  the  other  piston 
would  produce  a  partial  vacuum  in  *Nos.  2  and  4,  and  they  would  become 
filled  with  the  liquid  contents  of  Nos.  1  and  3,  in  consequence  of  the  air 
previously  in  these  being  driven  back  by  the  descent  of  the  piston ;  so 
that  as  the  wheel  revolved,  water  would  constantly  be  entering  one  half 
of  the  receivers,  and  the  contents  of  the  other  half  be  discharging.  How 
the  water  was  to  be  delivered  from  the  highest  receiver  Papin  has  not 
informed  us — probably  through  an  orifice  covered  by  a  valve  opening 
outwards. 

This  project  was  ingenious,  but  of  no  practical  value ;  and  it  failed  even 
in  an  experiment.  In  consequence  of  the  extreme  elasticity  of  air,  and 
the  great  facility  with  which  it  dilates  and  is  compressed,  little  or  no  effect 
was  produced  by  the  action  of  the  pumps.  When  a  piston  descended,  the 
air  m  the  long  pipe  readily  yielded  to  its  impulse  without  imparting  «Dy 
very  sensible  compression  in  the  receivers ;  and  on  the  piston's  ascent,  the 
air  in  the  pipe  again  dilated  and  no  sufficient  rarefaction  took  place,  ia 
consequence  of  the  great  distance  of  the  receiver  from  the  Exhausting 
apparatus. 

On  the  failure  of  this  he  devised  another  plan.  Suppose,  for  example, 
that  it  was  required  to  raise  water  out  of  a  mine,  and  that  there  was  no 
river  to  turn  a  wheel  to  work  the  pumps  nearer  than  a  mile.  Papin  pro- 
posed to  place  two  air-pump  cylinders  fitted  with  pistons  near  the  water* 
wheel,  and  other  two  at  the  mouth  of  the  mine.  These  were  to  be  con- 
nected by  a  pipe.  The  action  of  the  pistons  moved  by  the  wheel  was  to 
comprtu  the  air  in  the  cylinders,  and  in  the  pipe  throughout  its  whole 
length,  under  the  idea  that  when  the  pistons  at  one  end  of  the  pipe  wero 
depressed,  those  at  the  other  would,  by  the  communication  of  pressure, 
be  elevated ;  but  although  the  pistons  moved  by  the  water- wheel  con- 
densed the  air,  those  at  the  mine  stood  still.  The  same  cause  that  led 
Papin  to  abandon  the  first  device,  also  rendered  this  one  useless.  If  air 
were  incompressible,  the  plan  would  have  answered :  had  he  employed 
water  instead  of  air,  the  machine  would  have  performed.  Nothing  daunted 
however,  he  tried  again  in  16S6,  and  with  a  somewhat  similar  apparatus^ 
but  one  whose  action  depended  upon  the  rarefarlwn  of  air.  Two  large 
air  cylinders,  open  at  top,  were  placed  a  short  distance  apart  at  the  mouth 
of  the  mine,  and  directly,  over  them  a  cylindrical  shaft  or  axle,  supported 
on  journals  at  each  end.  Instead  of  rods  being  attached  to  the  pistons,  a 
strong  rope  was  fastened  to  the  centre  of  each,  and  coiled  three  or  four 
times  round  the  axle  in  opposite  directions,  and  fastened  to  it.  Between 
the  cylinders  a  large  drum  or  wheel  was  fixed  upon  the  axle,  having  a 
long  rope  wound  round  it,  and  the  two  ends  (of  the  rope)  suspended  from 
opposite  sides  reached  half  way  down  the  mine.  To  these  ends  tw^o  large 
buckets  were  attached,  in  which  to  raise  the  water.  As  the  drum  turned 
first  one  way  and  then  the  other,  one  bucket  would  be  raised  and  the  other 
lowered,  like  two  buckets  suspended  over  a  pulley  in  a  well.    The  design 
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of  the  air  cylinders  was  therefore  to  impart  an  alternate  movement  to  he 
axle  and  drum,  and  consequently  to  the  buckets,  by  the  descent  of  the 
pistons.  (The  power  tiiat  forced  these  down  was  the  pressure  of  the  at- 
mosphere, and  the  manner  of  exciting  it  will  presently  be  noticed.)  Hence 
as  one  piston  descended,  the  rope  secured  to  it  necessarily  drew  round 
the  axie,  and  raised  the  other ;  and  when  this  one  in  its  turn  was  forced 
down,  the  nM)vement  was  reversed  and  the  ^rst  one  raised. 

A  communication  was  made  between  th3  under  side  of  the  two  cylinders 
by  a  pipe,  and  to  this  another  long  one  was  attached  at  right  angles.  This 
last  pipe  was  to  be  of  such  a  length  as  to  reach  to  the  place  where  an 
under  or  overshot  wheel  could  be  applied  to  work  two  air-pumps.  These 
were  to  be  furnished  with  valves  and  puckers  like  common  sucking  pumps, 
and  to  the  lower  part  of  each  the  exhausting  pipe  was  to  be  connected  by 
a  branch.  These  pumps  would  therefore  draw  the  air  out  of  the  cylinders 
at  the  mine,  and  consequently  cause  the  pistons  in  them  to  descend.  For 
this  purpose,  however,  some  device  for  alternately  opening  and  closing 
the  communication  of  each  cylinder  with  the  exhausting  pipe  was  required ; 
because  if  a  vacuum  were  made  in  both  cylinders  at  the  same  time,  the 
pressure  of  the  atmospliere  on  both  pistons  would  be  the  same,  and  neither 
of  them  would  move.  To  avoid  this,  Papin  introduced  at  the  intersection 
of  the  exhausting  pine  with  the  one  that  connected  the  cylinders,  a  four- 
way  cock — ^three  of  its  passas^es  being  joined  to  the  three  branches  formed 
by  the  intersection  of  the  pipes,  while  the  fourth  one  opened  to  the  air. 
Thus,  supposing  the  pumps  to  be  constantly  at  work,  and  the  plug  of  the 
cock  so  turned  that  the  air  in  one  cylinder  at  the  mine  might  be  drawn 
out,  the  atmosphere  would  then  push  down  the  piston,  provided  the  ex- 
ternal air  had  access  to  the  under  side  of  the  other  piston.  This  was  that 
which  the  fourth  passage  of  the  cock  was  designed  to  accomplish ;  for 
whenever  one  cylinder  was  in  communication  with  tihe  exhausting  pipe  the 
other  was  in  communication  with  this  passage,  and  hence  by  turning  the 
rock  a  constant  reciprocating  motion  was  imparted  to  the  axle,  drum  and 
buckets. 

A  project  something  like  this,  Papin  thought,  might  l)e  applied  to  work 
the  pumps  of  the  great  machine  at  Marli,  (see  page  S96)*-the  power  of 
the  water-wheels  on  the  S^ne  being  transmitted  by  air  instead  of  chains 
&c.  The  device  is  creditable  to  his  ingenuity,  but  he  was  doomed  to 
experience  further  disappointment ;  for,  on  tnal,  the  air  was  so  slowly 
drawn  from  the  cylinders,  and  the  difficulties  of  making  the  pistons  work 
air-tight  were  so  great,  that  no  pract'cal  benefit  could  be  derived  by  its 
adoption.  He  enlarged  his  pumps  and  diminished  the  bore  of  the  pipes 
in  order  to  accelerate  the  movement  of  the  pistons,  but  without  success. 
Had  he  placed  a  close  vessel,  several  times  larger  than  his  cylinders,  m 
communication  with  the  farther  end  of  the  exhausting  pipe,  and  in  which 
a  constant  vacuum  was  maintained,  then,  on  turning  the  cock,  the  air  iu 
the  cylinder  would  have  rushed  into  this  vessel,  and  the  piston  would  im- 
mediately beg^in  to  descend.  This  mode  of  transmitting  power  is  capable 
of  some  useful  applications.  See  an  account  of  a  proposed  pneumatic 
rail-way  in  the  current  journals  of  the  day. 

Although  these  attempts  to  raise  water  and  transmit  power  by  means 
of  air  were  unsuccessful,  they  are  interesting  for  the  ingenuity  displayed, 
and  also  because  their  failure  led  Papin  to  the  employment  of  other  agents. 
Having  t>een  mvited  by  the  Landgrave  of  Hesse  to  accept  the  professor- 
ship of  mathematics  in  the  university  of  Marpurg,  in  ^Germany,  he  left 
digland  in  1687;  but  shortly  before  his  departure,  he  exhibited  to  the 
Royal  Society  some  experiments  on  the  application  of  gunpowder  to  pro- 
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dac  \  Tftcauni.     His  apparatus  consisted  of  a  small  cylinder,  in  which  a 

Eiston  like  that  of  a  common  pump-sucker  (viz.  with  an  aperture  covered 
y  a  valve)  was  fitted  to  move.  The  bottom  of  the  cylinder  was  closed, 
and  when  the  piston  was  near  the  top  he  exploded  a  small  charge  of 
powder  l^ilow  it,  with  the  hope  that  the  sudden  blast  of  flame  would  expel 
all  the  air  through  the  ^"p.lve,  which  instantly  closing  would  prevent  its 
return.  A  vacuum  bein^  thus  formed,  the  pressure  of  the  atmosphere 
would  bo  excited  and  might  be  used  as  a  source  of  power.  He  could 
not  however  succeed  in  dii/ing  out  all  the  air  by  the  explosion,  and 
the  pressure  on  the  piston,  (ascertained  by  attaching  weights  to  a  rope 
passed  over  a  pulley  and  connected  to  die  piston  rod)  instead  of  being 
13  or  14  pounds  on  the  square  inch,  seldom  exceeded  six  or  seven.  He 
published  an  account  of  these  experiments  the  following  year  in  the  Acta 
Eruditorum^KJonmBl  published  at  Leipsic,  and  which  was  toGrermany  what 
the  Journal  des  Savans  was  to  France  and  the  Philosophical  Transactions 
to  England.     It  was  commenced  in  1682,  and  both  the  latter  in  1665. 

In  1690,  Papin,  unable  to  obtain  a  sufRcient  vacuum  with  gunpowder, 
tamed  his  attention  to  steam.  In  one  of  his  first  essays  he  raised  the 
piston  by  its  expansive  fqrce ;  and  then  allowing  it  time  to  cool  and  return 
to  its  former  bulk  as  a  liquid,  the  pressure  of  the  air  forced  the  piston  back. 
His  cylinder  was  2j^  inches  diameter,  and  closed  at  the  bottom.  A  small 
quantity  of  water  was  introduced  through  a  hole  in  the  piston,  which  was 
pushed  down  to  exclude  the  air  below  it,  and  the  hole  thep  stopped  by  a 
plug.  A  brasier  of  burning  coals  was  now  applied  to  the  bottom  of  the 
cylinder,  and  the  piston  consequently  raised  by  the  accumulating  vapor. 
When  the  piston  reached  nearly  to  the  top  of  the  cylinder,  it  was  retained 
there  by  a  latch  slipped  into  a  notch  in  the  piston  rod  :  the  fire  was  now 
removed,  and  the  steam  quickly  condensiid  by  the  lower  temperature  of 
the  surrounding  air :  the  latch  was  removed,  and  the  atmosphere  pressed 
the  piston  down  and  raised  a  load  of  60  pounds,  which  was  attached  by  a 
rope  and  pulley  to  the  piston  rod,  being  an  effective  force  of  12}  pounds 
upon  every  square  inch  on  the  upper  surface  of  the  piston.*  A  device  of 
this  kind  Papm  thought  was  applicable  to  draw  water  from  mines,  and  to 
row  boats  against  wind  and  tide. 

It  does  not  appear  that  Papin  made  any  essential  improvement  on  the 
apparatus  during  the  four  following  years ;  for  when  he  publish^  his 
"  Recueil  des  diverse  Pieces  touchant  quelques  Nouvelles  Machines,  et 
autres  Sujets  Philosophiques,par  M.  D.  rapin.  Dr.  en  M^d.  ACasel,  1695," 
he  still  contemplated  generating  the  steam  in  the  cylinders ;  and  at  every 
stroke  these  were  either  moved  from  the  fire,  4>r  the  fire  from  them.  It  is 
astonishing  that  the  idea  of  a  fixed  and  separate  boiler  did  not  occur  to  him. 
His  plan  was  never  tried  except  as  an  experiment ;  and  he  subsequently 
abandoned  the  use  of  cylinders  and  pistons,  and  applied  steam  to  raise 
water  on  the  plan  of  Worcester's  6Sth  proposition.  This  was  unfortunate 
for  his  fame ;  for  in  his  experiments  with  the  piston  and  cylinder  he  was 
in  possession  of  every  principle  of  the  low-pressure  steam-engine,  and  had 
he  followed  up  the  device  he  would  have  Dome  off  the  palm  from  all  hit 
contemporaries.  Even  the  high-pressure  engine,  and  all  the  glory  of  its 
development,  was  then  within  his  reach ;  but  he  was  no  practical  me- 
chanic, and  his  thoughts  became  diverted  into  other  channels.    One  of  die 


*  It  it  ioipoMible  to  contemplate  the  vurious  attempts  of  Papin  to  moTe  a  piston  bj 
atmosjtherie  pressmre,  without  noticine  the  analogy  between  bis  contrivances  and  that  J 
Guerricke,  aiiU  without  thinfciDg  that  the  apparatus  of  tiiis  philosopher  waa  piemt 
to  h»ji  mind  *^  *^ 
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most  pleasing^  and  honorable  circnmBtances  connected  with  the  history  of 
Papin's  labors,  is  the  candid  admission  of  several  English  writers  of  hti 
great  merits,  and  their  generously  expressing  regret  that  his  attention 
should  have  been  diverted  when  he  was  so  near  realizing  the  most  splen- 
did reward.  His  name  is  however  inseparably  connected  with  the  steam- 
engine,  and  as  long  as  the  safety-valve  shall  be  used  the  world  will  be  his 
debtor. 

It  should  not  however  be  supposed  that -safety-valves  were  wholly  un- 
known before  Papin'»  time ;  on  the  contrary,  they  were  frequently  used, 
although  this  fact  has  not  been  noticed  by  any  writer  on  the  steam- 
engine.  The  liability  of  stills  and  retorts  to  be  rent  asunder  led  old  che- 
mists to  apply  plugs  to  openings  in  those  vessels,  tJiat  the  vapor  might 
raise  or  dnve  them  out  and  escape  ere  its  tension  exceeded  the  strength 
of  the  vessels :  such  were  the  plugs  in  ancient  steam  deities,  see  page  399. 
In  some  old  works  on  distilling,  conical  plugs  or  valves  are  shown  as  fitted 
into  cavities  on  the  tops  of  boilers,  and  m  some  cases  they  were  loaded. 
In  the  '*  Maucm  RMUtque  de  Maistres  Charles  Estienne  et  Jean  Liebault, 
Docteurs  en  Medecine,"  Paris,  1574,  folio  196,  197,  are  figures  of  two 
dose  boilers  in  which  the  distilling  vessels  w^re  heated :  one  formed  a 
water,  the  other  a  vapor  bath.  On  Qie  top  of  each  is  a  conical  valve  open- 
ing upwards.  These  served  both  to  let  out  the  superfluous  steam  and  to 
introduce  water.  Glauber,  who  contributed  several  valuable  additions  to 
the  mechanical  department  of  chemistry,  has  figured  and  described,  in  his 
Treatise  on  Philosophical  Furnaces,  the  modes  by  which  he  prevented 
glass  retorts  or  stills  from  being  burst  by  the  vapor.  A  long  stopple  or 
conical  valve  was  fitted  to  the  neck  of  each,  being  ground  air-tight  to  its 
•eat,  and  loaded  with  a  ''  cap  of  lead,"  so  that  when  the  steam  became  too 
**  high  "  it  slightly  raised  the  valve  and  a  portion  escaped ;  the  valve  then 
closed  again  of  itself,  *'  being  pressed  down  with  the  leaden  cap  and  so 
Btopt  close."  (English  Translation,  Lond.  1651,  p.  306.)  The  valve  on 
Newcomen's  first  engine  was  of  this  description.  In  the  same  work  Glau- 
ber describes  the  most  philosophical  of  all  safety-valves,  viz.  a  column  of 
mercury  enclosed  in  a  bent  tube  which  communicates  with  the  boiler  or 
still,  somewhat  like  the  modem  mercurial  gauge.  'He  sAso  describes  that 
beautiful  modification  of  it  known  among  chemists  as  the  water  lute,  or 
quicksilver  lute :  that  is,  around  the  mouth  or  neck  of  a  vessel  a  deep 
cavity  is  formed  and  partly  filled  with  water  or  mercury,  as  the  case  may 
be.  A  cylindrical  vessel,  open  at  top  and  closed  at  bottom,  forms  the 
cover:  it  is  inverted,  tne  open  end  being  placed  in  the  cavity  and  dipping 
as  far  into  the  liquid  as  the  internal  pressure  may  require.  In  '*  The  Art 
of  Distillation,  or  a  Treatise  of  tlie  choisest  Spagyrical  Experiments,"  &c. 
by  John  French,  Doctor  of  Physic,  Lond.  1651,  the  author  describes  the 
same  devices  for  preventing  the  explosion  of  vessels  as  those  mentioned 
by  Glauber.  Speaking  of  the  action  of  such  safety-valves  he  observes, 
(page  7)  "  upon  the  top  of  a  stopple  [valve]  there  may  be  fastened  some 
lead,  that  if  the  spirit  be  too  strong,  it  will  only  heave  up  the  stopple  and 
let  it  fall  down  again."  Papin's  clum  therefore  is  not  to  the  valve  itself, 
but  to  its  improvement,  or  rather  to  the  mode  of  applying  it  by  means  of 
a  lever  and  moveable  weight ;  thereby  not  only  preventing  the  valve  from 
being  blown  entirely  out  of  its  place,  but  regulating  the  pressure  at  will, 
and  rendering  the  device  of  universal  application. 

It  was  not  till  some  years  after  Savery  had  introduced  his  steam  machine 
that  Papin  proposed  the  following  one,  which  he  announced  in  a  work 
entitled  "  Nouvelle  maniere  pour  lever  Te^u  par  la  force  du  feu,  raise  en 
Inmiere.  par  M  D.  Papin,  Docteur  en  Med.  Prof,  en  Math^m.  a  Casel^ 
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1707."     It  ii  inMrttd  hen  out  of  chronological  ordor,  to  keep  tlu«  notice 
of  kit  labon  nnbrokeu. 


A  copper  boiler.  A,  ia  set  in  brick  work  axiA  furnished  with  &  mlety- 
v&lve,  B,  wkoM  lever  is  loaded  with  the  weight  C.  The  Bteam  pipe  and 
cock  D  connect  the  boiler  with  the  receiving  cylinder  P.  A  hollow  flnoi 
or  piaton  )a  made  to  move  easily  in  F,  to  prevent  the  steam  from  coining 
in  contact  with  the  water.  A  cavity  is  made  in  this  float  for  the  reception 
of  an  iron  heater,  Z,  designed  to  keep  up  the  temperature  uf  the  iteHiu 
when  the  latter  is  admitted  into  F,  The  heater  is  admitted  through  [he 
opening  on  the  top  of  F,  which  is  closed  by  the  valve  O.  X,  a  ruiiurl 
through  which  the  water  to  be  raised  is  introduced,  which  is  kept  from  n:- 
tuming  by  closing  the  cock  or  vulve  H.  The  tower  part  uf  F  is  connocied 
with  the  rising  main  K  by  a  curved  acd  tapered  tulie.  The  pipe  K  ter- 
minates in  a  reservoir  or  air  chamber,  whence  the  water  is  diachargrd  hy 
the  |iipe  O  upon  an  overshot  wheel,  or  conveyed  to  the  place  where  it  may 
be  rerjuired.  If  the  receiver  be  ciiarged  from  below,  a  suciion  ntfte  (im- 
perfectly represented  hy  the  pipe  I)  wa*  continued  to  it  from  the  iimlt^r 
side  of  the  curved  pipe.  The  sieam  Riiwing  through  the  pipe  D  presses 
down  the  piston,  and  the  water  hfneath  it  is  forced  up  the  pipe  K,  (tlie 
valve  at  the  lower  part  of  K  preventing  its  return.)  When  the  piston  hu 
reached  the  bottom  of  F,  the  cock  D  is  shut  and  the  one  marked  E  is 
opened.  H  is  then  opened,  and  the  water  rushes  in  and  drives  up  iha 
piston  as  before,  when  the  operation  is  repeated.  Water  was  raued  by 
one  of  these  machines  to  an  elevation  nf  70  feet,  whence  it  descended  ind 
formed  ■  jet  d'eau  in  the  court  of  the  Hessian  Academy  of  Arts. 

Belidor  inserted  a  figure  and  description  of  this  machine  in  the  second 
volume  of  his  Aichitecture  Hydraulique,  p.  3SS. 
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Bzp«rfaB6Dt«rf  eoBtemiMrtt/  wMi  PiftlB— Bavery— Thii  enfiiiaer  poblkhat  his  iaTeBtioiw~>Hb 
frojeec  t^r  propallinf  tmmIs— Rldieale*  the  8«nr«yor  oCthe  Nary  for  oppoaay  it— His  lint  experimeati 
•a  •temn  made  ia  a  tavarn— Aeeouat  of  tham  by  Deaagulian  and  Switaar— Sarary^  first  aairiBO— Its 
•peratioB — Bagina  with  a  sinf le  raeaivar— Savory's  improvad  enf  iao  doseiibed— Oanga  eoclu— Exeal- 
laat  faataras  of  his  improTod  aagtno— Its  various  parts  coaaeetod  by  ooapiiaf  seraw»— Had  ao  safety- 
valve — Rejectod  by  miaera  oa  aceouat  of  th«  danjar  fron  the  boilers  azplodiny — Solder  melted  by 
steam  OpinJoas  respectiag  the  orifia  of  Saverjr^  eafine— 4t  liears  no  reiatioa  to  the  pistoa  engrina 
— Jfodificattons  of  Savery*s  eufiae  by  Desafuliers,  Leopold,  Blakey  and  others— Rivats-^Engines  by 
Oenmnne— De  Moura— De  Rifrn}* — ^Francois  and  others— AmoBion*s  fire  mill— Newcomea  and  Cawley~— 
Their  enf  ine  superior  to  Savory's— Neweomen  aeqaainted  with  the  previous  experimeats  of  Papin-^ 
Cirenmstanees  favorable  to  the  introdnetioa  of  Newcoaen's  engine^Description  of  it — Condensation  by 
i^iectioB  discovered  by  chance— Chains  and  Sectors— Savory's  claim  to  a  share  in  Newcomea^  patent  an 
M^jttst  one-merits  of  Newcomea  and  Cawlay. 

Both  philosophers  and  mechanics  were  engaged  in  experiments  on  air 
and  steam  machines  about  the  same  time  as  Papin.  Of  these,  Savery, 
Amontons,  Newcomen  and  Cawlev  were  the  most  successful.  The  two 
last  named  have  not  generally  been  considered  so  early  in  the  field ;  but, 
from  an  observation  of  Switzer,  such  appears  to  have  been  the  case.  As 
weekly  and  monthly  'Journals  of  Arts'  and  'Mechanics'  Magazines'  had 
not  then  been  introduced,  those  who  were  disposed  to  communicate  their 
discoveries  to  the  public  had  no  appropriate  medium  for  doing  so,  except 
oy  a  separate  publication,  and  this  mode  but  an  exceedingly  small  number 
of  inventora  ever  adopted :  hence  it  is  that  not  only  the  dates  of  several 
modern  inventions  are  uncertain,  but  numerous  devices  and  valuable 
floating  thoughts  have,  with  their  authors,  been  constantly  passing  into 
utter  oblivion.  The  history  of  steam  as  a  mechanical  agent  affords  signal 
proofs  of  the  advantages  of  inventors  recording  their  ideas :  thus  the  name 
of  Decaus  had  long  been  forgotten,  when  an  old  tract  of  his  was  disco- 
vered containing  the  device  we  have  figured  at  page  410.  This  he  pro- 
iNibly  considered  the  most  trifling  thing  in  his  book,  yet  on  account  of  it 
a  place  has  been  claimed  for  him  among  the  immortal  authors  of  the  steam- 
engine.  Moreland,  of  whose  speaking  trumpet  an  account  was  inserted 
\n  the  six'.h  volume  of  the  Philosophical  Transactions,  and  his  ideas  of  the 
power  required  to  force  water  to  different  elevations  in  the  ninth,  omitted 
to  publish  through  the  same  or  any  other  medium  a  description  of  his 
steam-engino ;  and  by  this  neglect  has  lost  a  large  portion  of  honor  that 
might  have  been  attached  to  his  name.  The  same  may  be  said  of  Garay, 
Karnseye  and  Worcester.  Savery,  however,  knew  better,  for  he  laid  his 
machine  before  the  Royal  Society  and  got  it  noticed  in  their  Transactions; 
and  when  he  had  subsequently  improved  it,  he  published  a  separate  ac- 
count with  illustrations;  in  consequence  of  which  he  has  sometimes  been 
considnred  the  author  as  well  as  describer  of  the  first  working  steam- 
engine. 

Of  Savery's  personal  history,  less  has  transpired  than  of  either  More- 
land's  or  Worcester's.  He  evidently  was  a  man  of  e^reat  energy,  who 
raised  himself  from  obscurity  by  his  talents — a  self-made  man.  According 
to  a  tradition  he  commenced  life  as  a  working  miner,  and  in  process  of  timo 
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became  an  engineer  and  thus  acquired  the  title  of  Capiamf  agreeably  to 
a  custom  which  is  said  still  to  prevail  among  the  Cornish  miners.  He 
seems  to  have  acquired  a  competence,  if  not  wealth,  previous  to  the  com- 
mencement of  his  experiments  on  steam,  and  we  shall  find  that  he  was  as 
independent  in  his  spirit  as  in  his  purse.  Switzer,  who  was  intimately 
ac(]uainted  with  him,  says  he  was  a  member  of  the  board  of  commissioners 
fur  the  sick  and  wounded ;  but  this  was  probably  in  the  latter  part  of  his 
life,  and  subsequent  to  the  introduction  ot  his  steam  machines. 

The  first  invention  of  Savery  that  we  meet  with  is  in  a  pamphlet  pub- 
lished by  him  in  1698,  on  the  propulsion  of  ships  in  a  calm.  His  plan 
consisted  of  paddle-wheels  to  be  .worked  by  the  crew.  In  the  first  edition 
of  Harris's  Lexicon  Technicum,  A.  D.  1704,  there  is  a  description,  and  in 
the  second,  1710,  a  figtire  of  Savory's  *•  engine  for  rowing  ships."  A 
horizontal  shaft  passes  through  the  vessel  between  decks,  and  to  each  end 
a  paddle-wheel  is  attached.  On  the  middle  of  the  shaft  is  a  pinion  or 
trundle  wheel,  and  underneath  a  capstan  upon  which  a  cog  wheel  is  fixed, 
whose  teeth  are  made  to  work  between  those  of  the  pinion.  A  number 
of  bars  are  arranged  in  the  capstan,  and  the  crew  were  to  apply  their 
strength  to  these  as  in  raising  an  anchor.  As  the  officers  of  the  admiralty 
afler  examination  declined  to  adopt  it,  Savery  tells  them  he  had  two  other 
important  inventions,  which  he  would  not  disclose  until  they  did  him  jus- 
tiix*  in  this  I  He  even  held  up  his  opponents  to  ridicule.  On  the  Surveyor 
of  the  Navy,  who  reported  against  the  adoption  of  his  plan  as  one  neither 
now  nor  useful,  he  was  very  severe.  At  that  time  large  wigs  were  com- 
monly worn,  and  Savery  gave  a  smart  rap  on  that  which  covered  the 
head  of  his  official  adversary.  "  It  is  [he  observed]  as  common  for  lies 
and  nonsense  to  be  disguised  by  a  jingle  of  words,  as  for  a  blockhead  to  be 
hid  by  abundance  of  peruke."  Had  Savery  been  of  a  timid  disposition, 
we  shouM  probably  never  have  heard  of  him.  After  enduring  one  or 
two  rebuffs  in  attempting  to  introduce  his  inventions,  he  would  have  re- 
tired and  sunk  unknown  into  the  grave,  like  thousands  of  inventors  before 
him. 

Of  the  few  incidents  preserved  respecting  his  private  life,  there  are  two 
from  which  it  seems  that  he  loved  a  glass  of  gooa  wine  and  a  pipe  of  to- 
bacco ;  and  that,  to  obtain  them,  he  was  in  the  habit  of  visiting  a  tavern. 
Let  not  those  who  eschew  such  things  complain  of  us  for  unnecessarily 
mentioning  them,  for  Savery's  first  experiments  on  steam  were  made  in  a 
bar-room,  with  a  wine  flask  and  a  tobacco  pipe.  At  such  a  place  and  with 
such  implements  he  is  said  to  have  become  acquainted  with  the  principles 
of  his  famous  machine.  The  circumstance  hat  not  been  commonly  known, 
or  some  scientific  Boniface  would,  long  ere  now,  have  adopted  Savery's 
bead  for  a  sign ;  and  artiste  would  have  made  him,  in  the  act  of  experi- 
menting, the  subject  of  a  picture.  There  is  a  rich  but  neglected  field  for 
historical  painters  in  the  facts  and  incidents  connected  with  the  origin  and 
development  of  useful  mechanism. 

According  to  Desaguliers,  Savery  declared  that  he  found  out  the  power 
of  steam,  by  chance,  and  in  the  following  manner:  "Having  drank  a  flask 
of  Florence  [wine]  at  a  tavern,  and  thrown  the  empty  flask  upon  the  fire, 
he  call'd  for  a  bason  of  water  to  wash  his  hands,  and  perceiving  that  the 
little  wine  lef^  in  the  flask  had  filled  up  the  flask  with  steam,  he  took  the 
flask  by  the  neck  and  plunged  the  mouth  of  it  under  the  surface  of  the 
water  in  the  bason ;  and  the  water  of  the  bason  was  immediately  driven 
up  into  the  flask  by  the  pressure  of  the  otr."*    This  illustration  of  the  ascent 
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of  water  into  &  veuel  from  which  the  air  had  been  expelled  by  steam,  wu 
of  course  not  new  in  Savery'e  time,  although  it  appears  to  have  been  ao 
fo  him.  Swiuer  gives  a  diiSerenl  account.  "  The  Rnt  hint  from  which 
it  ia  said  be  took  this  engine  was  from  a  tobacco  pipe,  which  he  imnieri'd 
to  wush  or  cool  it,  as  is  sometimes  done :  he  discover'd  by  the  rarefuction 
of  the  BJr  in  the  tube,  by  the  heat  or  steam  of  the  water  and  the  gT^vitalioQ 
or  impulse  of  the  extenor  air,  that  the  water  was  made  to  soring  through 
the  tube  of  the  pipe  \a  a  wonderful  surprising  maoner.""  It  was  an  old 
practice  of  veteran  smokers,  when  their  (clay)  pipes  became  blackeoed 
through  use,  and  more  ]>!irticularly  when  choked  or  furred  up,  to  plac? 
them  in  a  bri£;ht  tiro  till  they  become  red  hot,  then  lo  remove  and  allow 
them  to  cool.  By  this  operation  they  were  whitened  and  purified  like  the 
incombustible  cloth  of  the  ancients,  which  was  cleansed  in  the  same  way, 
Itiit  f're<]uent1y  when  taken  from  the  fire  the  mouths  of  the  pipes  werr 
pliingod  slowly  into  water ;  steam  was  thus  formed,  and  rushing  through 
the  tulies,  was  sometimes  preceded,  often  accompanied,  and  aomeiimef 
followed  by  jets  of  water.  There  are  however  different  causes,  and  far 
from  obvious  ones,  for  the  liOjuid  issuing  through  tobacco  pipes  under  such 
circumstances,  so  thsx  it  is  diflicuU  to  perceive  what  inference  Savery  drew 
from  the  experiment. 

But  whatever  may  have  led  Savery  to  the  subject  of  steam,  he  had  so 
b'  matured  his  ideas  respecting  its  application  to  raise  water  as  to  erect 
several  engines,  and  to  secure  a 
patent  as  early  as  1698.  In  June 
of  the  following  year  he  submitted 
a  working  model  to  the  Royal  So- 
ciety, and  made  successful  experi- 
ments with  it  at  the  same  lime.  A 
figure  of  ibis  engine  was  published 
in  the  Transactions  of  that  year,  and 
mayalso  be  found  in  the  first  volume 
of  Lowthorp's  Abridgment.  No. 
193  is  a  copy.  It  consisted  of  a 
close  boiler,  B,  set  in  a  brick  furnace 
A,  and  two  receivers  D  D  support- 
ed on  a  stand,  and  made  of  strong 
copper  and  air-tight.  A  suction  pipe 
whose  lower  end  descends  into  a 
weU,  or  other  place  whence  water 
is  to  be  raised,  (which  may  be  about 
2t  feet  below  D  D)  and  whose  up- 
per part,  divided  into  two  branches, 
coiiimunicates  with  the  top  of  the 
receivers.  Each  branch  is  furnished 
vith  a  valve  at  E  E.  opening  up 
wards,  to  prevent  the  water  fri>m 
Ho.in.  Bwwy'i Pkrt EifiM.  A.ai«H.  returning  when  once  raised.  The 
lowerpart  of  the  forcing  pipe  G  lias 
also  two  branches,FF,  which  communicate  with  the  bottom  of  the  receive  rs, 
and  these  branches  have  also  valves,  E  E.  like  the  others  opening  upwitrds. 
Each  receiver  has  a  communication  with  the  upper  part  of  the  boiler  by 
Steam  pipes  and  cocks  C  C 

The  operation  was  as  follows : — The  botler  wu  two  thirds  filled  with 

•  Hj'droiiatie*,  edition  of  J7*),  pugs  325. 
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water,  a  Grf  nuulfl  nnder  it  and  the  steam  TWoed.  One  of  the  cocks  wbi 
tlien  openeJ,  and  the  steam  passing  through  fiUed  the  receirer  hy  driving 
the  air  preiiously  within  it  into  the  forcing  pipe  :  the  cock  was  then  closed, 
and  the  steam  within  the  receiver  goon  became  condensed  by  the  cold  air 
in  contact  with  its  exterior  surface,  or  by  pouring  cold  water  npon  it; 
lience  a  vacuum  was  produced  within,  and  consequently  the  water  in  which 
the  lower  end  of  the  suction  pipe  was  immersed  was  driven  np  by  the 
pressure  cf  the  atmosphere  so  as  to  fill  the  void.  When  this  had  taken 
ntace  the  same  cock  was  again  opened,  and  the  steam  ruttting  in  ur^d  by 
Its  expansive  force  the  contents  of  the  receiver  up  the  forcing  pipe.  In 
this  manner  water  wm  alternately  rused  into  ana  expelled  from  both 

Aa  a  practical  miner,  and  consequently  conversant  IHth  the  subject  of 
rmiiing  water  on  a  large  scale,  Savery  was  better  qualified  to  carry  his 
views  into  operation  than  a  mere  philosopher.  His  first  essay  in  employing 
steam  was  a  proof  of  this.  "1  have  heard  him  say  myself  [observesSwitzer] 
that  the  verv  first  time  he  plav'd,  it  was  in  a  potter's  house  at  Lambeth, 
where  tho'  it  was  a  small  engine,  yet  it  [the  water]  forc'd  iu  way  through 
the  roof.aud  struck  up  the  tilea  in  amaniter  that  aurptis'd  all  the  ■pectaton.*' 
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Sometimes  Savery  employed  but  one  receiver.  No.  194  represents  an 
eni^ne  of  this  kind,  erected  by  him  at  Keniington.  .A  description  of  it 
was  fivst  published  by  Mr.  Bradley  in  his  "New  Improvements  of  Planting 
and  Oardening."  It  is  also  Sgured  and  described  by  Switser,  who  eia- 
Iiiined  it  und  thought  it "  the  plainest  and  beat  proportion'd  of  any"  be  had 
■eeii.  Its  effects  were  considered  pro  portion  ally  greater  than  Uiose  with 
two  receivers.  C,  a  spherical  boiler  of  the  capacity  of  forn  gallons,  and 
charge<l  through  the  tunnel.  B,  the  receiver,  which  held  thirteen  galloes 
A,  the  suction  pipe,  sixteen  feet  long  and  three  inches  bore.  D,  the  forc- 
ing pipe,  (if  the  same  bore  and  forty  two  feet  long.  A  valve  openine 
upwards  was  placed  in  A,  and  another  at  the  lower  part  of  D,  at  H.  S, 
the  steam  pipe,  an  inch  in  diameter.  G,  a  sliding  valve  or  cock,  furnished 
witt  a  level  handle.     F,  a  cock  in   the  forcing  pipe,  to  admit  cold  water 
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to  flow  upon  the  receiver.  A  pipe  attached  to  the  tunnel  descended  into 
the  boiler  and  served  the  purpose  of  a  gauge  cock. 

The  operation  will  be  understood  from  the  description  of  figure  No.  193. 
By  turning  the  handle  of  G  stearn  is  admitted  into  B,  and  as  soon  as  the 
air  is  expelled  from  the  latter,  G  is  closed  and  F  opened ;  the  afiusion  of 
cold  water  (see  the  figure)  quickly  condenses  the  contained  vapor,  and 
hence  the  receiver  becomes  charged  with  water  by  the  pressure  of  the 
atmosphere  through  the  suction  pipe  A.  F  is  then  shut  and  G  opened, 
when  the  steam  issuing  from  the  boiler  displaces  the  water  from  the  re- 
ceiver, and  having  no  other  way  to  escape  the  liquid  is  driven  up  the  pipe 
D  into  the  reservoir  prepared  to  receive  it.  As  soon  as  all  the  water  is 
expelled  from  the  receiver,  (which  was  kn«"'v»n  by  applying  the  hand  to 
the  lower  part,  for  it  would  be  hot)  G  is  shut  acd  F  again  opened,  when 
the  operation  is  repeated  as  before. 

**  When  this  engine  Vjegins  to  work  [says  .S\i  iczer]  you  may  raise  four  of 
the  receivers  full  !n  one  minute,  which  is  fifty  two  gallons,  [less  the  quan- 
Vlies  drawn  from  F  for  the  purposes  of  condensation] — and  at  that  rate  in 
•f..i  hour's  time  may  be  flung  up  3120  gallons.  The  prime  cost  of  such 
an  engine  is  about  fifty  pound,  as  I  myself  have  had  it  from  the  ingenious 
author's  own  mouth.  It  must  be  noted  that  this  engine  is  but  a  small  one, 
in  comparison  of  many  others  of  this  kind  that  are  made  for  coal- works ; 
but  this  is  suthcient  for  any  reasonable  family,  and  other  uses  required  for 
it  in  watering  all  middling  gardens." 

Here  is  no  provision  made  to  reples^wh  the  boiler  with  waiter  except 
through  the  tunnel :  hence  the  working  cf  the  machine  had  to  be  stopped, 
and  the  steam  within  the  boiler  allowed  to  escape,  before  a  fresh  supply 
could  be  admitted.  Under  such  circumstances  the  boilers  were  very 
liable  to  become  injured  by  the  fire  when  the  water  became  low.  They 
w^ere  also  exposed  to  destruction  from  another  cause,  the  force  of  the 
8team ;  for  they  had  no  safety-valves  to  regulate  it,  and  hence  the  necessity 
of  the  following  instructions :  "  When  you  have  rais'd  water  enough,  and 
you  design  to  leave  off  working  the  engine,  take  away  all  the  fire  from 
under  the  boiler,  and  open  the  cock  [connected  to  the  tunnel]  to  let  out 
the  steam,  which  would  otherwise,  was  it  to  remain  confin'd,  perhaps 
burst  the  engine  ** 

Savery,  from  his  profession,  was  aware  of  the  want  of  an  improved 
mode  of  draining  mines.  The  influence  of  the  useful  arts  in  enriching  a 
nation  was  then  beginning  to  be  understood.  A  stimulus  was  imparted  to 
manufactures,  and  the  demand  for  coal  and  the  ores  of  England  rapidly 
increased.  As  a  necessary  consequence  the  depth  of  the  mines  increased 
also ;  and  hence  proprietors  became  anxious  to  possess  some  device  for 
clearing  them  of  water,  and  by  which  the  old,  ineflicient  and  excessively 
expensive  horse-gins  and  buckets  might  be  dispensed  with.  The  cost  of 
drainage  was  so  great. in  some  mines,  that  their  produce  hardly  equalled 
the  cost  of  working  them  :  in  one  mine  five  hundred  horses  were  constantly 
employed.  Numerous  novel  projects  had  been  tried  and  abandoned : 
what  they  were  we  are  not  informed,  but  as  Ramseyeand  Worcester  and 
probably  others  had  proposed  Jire  machines  for  the  purpose,  steam  had 
probably  been  tried  in  some  way  or  other  and  had  failed.  Having  greatly 
improved  his  machine,  Savery  published  an  account  of  it,  illustrated  with 
engravings,  in  a  pamphlet  entitled  The  Miner's  Friend  ;  or  a  Description 
of  an  Engine  for  Raising  Water  by  Fire,  with  an  Answer  to  the  Objections 
against  it.  London,  printed  for  S.  Crouch,  1702.  In  his  address  he  begs 
proprietors  not  to  let  tlie  failure  of  other  plans  prejudice  them  against  the 
trial  of  his.   "  Its  uower  [he  observes]  is  in  a  manner  ir^^^^te  and  unlimited, 
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wad  will  draw  yoa  water  500  or  a  1000  feet  hxgit.  were  any  pit  so  deep, 

I  dare  undertake  that  this  engine  shall  raise  you  as  much  water 

fnr  ei^ht-pence,  as  will  coat  you  a  shilling  to  raise  the  like  with  your  old 
en^iueB."  The  original  figures  in  the  Miner's  Friend  were  inserted  in 
Harris's  Lexicon  Technicum,  in  1704.  and  copied  inu>  Switzer's  Hydro- 
s'tsiicsin  17S9,  and  ^Desaouliera  in  hia  Experimental  Philosophy  in  1744, 
(which  works  are  before  us)  and  Kibsequenlly  into  almost  every  treatise 
on  tV>e  steam-engine.  No.  19&  is  a  reduced  copy  :  the  figure  of  the  fire 
Dun  is  an  addition. 


a.  Its.    Innr^  Dvakte  Eaglah    A.D.r 


A  detailed  description  of  this  elegant  apparatus  is  not  nec«uary,  sinc« 
its  operation  will  be  understood  from  the  explanation  of  the  two  preceding 
machines.      It  is  substantially  the  same  as  No.  193,  except  that  this  ona 
"  boilers,  which  are  heated  by  separate  furnacea,  G  H.      The  addi 


tional  boiler  G  was  designed  merely  to  supply  the  other  with  hot  water, 
and  need  not  'herefore  divert  the  attention  of  the  reader  in  renlieing  iJie 
working  of  the  edsi-ntial  parts.  The  upper  end  of  the  suction  pipe  shown 
at  the  mouth  of  the  pit  consists  of  two  hranches,  which  are  connected  tn 
similar  branches  on  the  lower  part  of  the  forcing  pipe  N.  The  suction 
valves  are  at  B  A,  and  the  forcing  ones  U  £   F,  ail   opening   upwarda 
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Between  these  Talves  two  short  curved  tubes  connect  the  bottoms  of  the 
receivers  I  M  with  the  branches,  as  represented,  and  two  other  bent  tubes, 
P  Q,  unite  the  top  of  the  receivers  with  the  boiler  H.  On  the  top  of  this 
ooiler,  and  forming  a  part  of  it,  is  a  stout  round  plate,  having  two  openings 
of  the  same  size  as  the  bore  of  the  tubes  last  mentioned.  In  these  open- 
ings the  two  steam  tubes  P  Q  terminate.  Between  the  openings,  and 
on  the  under  side  of  the  plate,  is  a  moveable  disk,  which  by  a  short  arm 
is  -connected  to  an  axle  and  moved  hy  the  long  lever  shown  on  the  top  of 
the  boiler;  so  that  by  moving  this  lever  the  disk  can  be  made  to  close 
either  4>pening,  so  as  to  admit  or  exclude  steam  from  the  receivers,  and 
answering  every  purpose  of  a  three-way  cock.  It  is  made  somewhat  on 
the  plan  of  the  one  in  No.  189,  page  421.  The  face  of  the  disk  is  ground 
smooth,  so  as  to  fit  close  to  the  under  side  of  the  plate,  against  which  it  is 
pressed  by  the  steam.  The  perpendicular  axle  by  which  the  disk  is  turned 
passes  through  the  plate,  and  the  opening  is  made  tight  by  a  stuffing  box. 
(The  plate  and  moveable  disk  are  represented  in  the  small  figure  at  the  top, 
one  of  the  openings  being  covered  by  the  disk  aiid  the  other  exposed.) 
A  small  cistern,  U,  is  placed  over  the  receivers,  and  kept  supplied  with 
cold  water  from  the  forcing  pipe  by  means  of  a  ball  cock,  viz.  a  cock 
that  is  opened  and  shut  by  a  ball  floating  in  the  cistern.  From  the  bottom 
of  this  cistern  a  short  pipe,  T,  proceeds;  and  to  it  is  connected,  by  a  swivel 
joint  or  stuffing  box,  another  one  at  right  angles.  This  pipe  furnishes 
water  to  condense  the  steam  in  the  receivers,  over  both  of  which  it  can  be 
moved  by  the  rod  attached  to  the  plug  of  the  cock  as  shown  in. the  figure. 
The  upper  cistern  denotes  the  place  where  the  water  raised  by  the  engine 
is  to  be  discharged. 

A  communication  is  made  between  the  boilers  by  a  siphon  or  bent  tube, 
R,  whose  legs  extend  nearly  to  the  bottom  of  the  boilers.  In  the  leg 
within  the  small  boiler  is  a  valve  ^bpening  upwards,  which  permits  the 
water  of  G  to  pass  into  H,  but  prevents  any  returning  from  the  latter. 
When  the  attendant  wishes  to  inject  into  H  a  fresh  supply  of  water,  he 
increases  the  tittle  fire  kept  up  under  the  boiler  G,  (which  is  always  kept 
supplied  with  water  by  the  pipe  S,)  and  as  soon  as  the  liquid  boils  and 
the  force  of  the  steam  exceeds  that  in  H,  the  contents  of  G,  both  steam 
and  hot  water,  are  forced  through  the  valve  ;^  and  thus  H  is  kept  supplied 
w^itliout  the  action  of  the  machine  being  stopped.  The  cock  on  the  pipe 
S  is  then  opened,  the  small  boiler  again  charged,  and  th^  water  becomes 
gradually  heated:  so  that  by  the  time  it  is  wanted  in  the  other  boiler,  a 
small  addition  to  the  fuel  quickly  raises  its  temperature,  and  it  is  again 
forced  in  as  before. 

The  quantity  of  water  in  the  boilers  was  ascertained  by  gauge  cochin 
These  were  inserted  at  the  top,  (see  figure)  and  pipes  soldered  to  them 
descende^d  to  different  depths.  The  principal  boiler  had  two  of  these,  the 
other  but  one.  • 

The  general  arrangement  of  this  engine  and  the  adaptation  of  its  various 
parts  to  each  other  are  admirable,  and  could  hardly  be  improved.  The 
obviously  good  workmanship — the  improved  form  of  the  receivers — and 
the  connection  of  these  with  the  boilers  and  pipes,  and  the  latter  with  each 
other,  hy  coupling  screws,  thus  securing  easy  access  to  the  valves — are 
highly  creditable  to  Savery  and  the  workmen  he  employed.  Every  part 
uras  made  of  the  best  materials.  The  cocks,  coupling  screws,  regulator, 
valves,  and  all  the  pipes  immediately  connected  with  them,  were  ot  brass ; 
while  the  boilers,  receivers  and  suction  pipes  were  of  **  the  best  hammered 
copper,  of  sufficient  thickness  to  sustain  the  force  of  the  working  engine  : 
in  ^hort,  [continues  the  inventor]  the  engine  is  so  nar  jrally  adapted  to 
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perform  vrhat  is  required,  thai:  even  those  of  the  most  ordinary  and  meanest 
capacity  may  work  it  for  some  years  without  injury,  if  not  hired  o"*  em- 
ploy*d  by  some  base  person  on  purpose  to  destroy  it;"— that  is,  by  inat- 
tention or  design  to  permit  steam  to  accumulate  within  the  boilers  till  they 
were  burst.  Some  device  to  prevent  this  was  wanting,  viz.  a  safety-valve 
or  something  analogous  to  it ;  and  it  is  astonishing  tliat  he  never  thought 
of  such  a  thing,  but  permitted  his  machine  for  lack  of  it  to  fall  into  dis- 
repute. 

The  miners  could  not  be  induced  to  adopt  it,  in  consequence  of  the 
danger  of  explosion.  "  Savery  [says  Desaguliers]  made  a  great  many 
experiments  to  bring  this  machine  D  perfection,  and  did  erect  several, 
which  raised  water  very  well  ft>r  gentlemen's  seats,  but  could  not  succeed 
for  mines,  or  supplying  towns  where  the  water  was  to  be  raised  very  high 
and  in  great  quantities ;  for  then  the  stoam  requ  red  being  boiled  up  to 
such  a  strength,  as  to  be  ready  to  tear  all  the  vessels  to  pieces.  --.--- 
I  have  known  Captain  Savery  at  York's  Buildin^^s  make  steam  8  or  10 
times  stronger  than  common  air ;  and  then  its  heat  was  so  great,  that  it 
would  melt  common  solder,  and  its  strength  so  gieat  as  to  blow  open 
several  of  the  joints  of  his  machine ;  so  that  he  was  forced  to  be  at  the 
ains  and  charge  to  have  all  his  joints  soldered  with  spelter  or  hard  solder." 

X.  Philos.  ii,  467. 

There  has  been  much  discussion  respecting  the  origin  of  this  famous 
engine ;  some  writers  contending  that  it  was  wholly  Savery 'a  own,  others 
that  he  derived  it  from  one  of  Worcester's,  or  from  the  Century  of  In- 
ventions. Desaguliers  asserts  that  Savery,  to  conceal  its  origin,  '*  bought 
up  all  the  Marquis  of  Worcester's  books  that  he  could  purchase  in  Pater- 
noster Row,  and  elsewhere,  and  burn*d  'em  in  the  presence  of  tne  gentle- 
man his  friend,  who  told  me  this.*'  But  as  Savery  denied  being  indebted 
to  any  one  for  it,  and  as  he  was  certainly  a  man  uf  great  mechanical  genius, 
it  is  probable  that  the  doctor  was  imposed  upon  by  his  infbrmanL  It  is 
not  likely  that  Savery  would  have  committed  such  an  act  in  the  presence 
of  a  witness,  when  there  was  not  only  no  necessity  for  one,  but  every 
possible  inducement  for  secrecy.  Many  years  before  the  publication  of 
this  charge  by  Desaguliers  (in  1744)  the  opinion  was  prevalent  that  the 
machine  was  not  orii^nal  with  Savery.  In  1729  Switser  remarks,  "others 
say  that  the  learned  Marquis  of  Worcester,  in  his  Century  of  Inventions, 
which  book  I  have  not  seen,  gave  the  first  hint  for  this  raising  of  water.** 
(Hydr.  325.)  Dr.  Hutton,  in  his  Math.  Dictionary,  asserts,  though  on  what 
authority  we  know  not,  that  Savery  knew  more  of  Moreland's  experiments 
than  he  was  willing  to  acknowledge;  and  Desaguliers  maintains  that  he 
invented  the  story  of  the  experiment  with  the  wine  flask  **  to  make  people 
believe  that  he  had  not  got  the  idea  from  Worcester's  Century  of 
Inventions." 

In  reply  to  the  above  it  may  be  remarked,  that  independently  of  thoM 
coincidences  of  thought  that  always  have  and  will  happen  to  inventom, 
there  are  circumstances  which  strongly  corroborate  Savery *s  own  account 
In  the  first  place,  the  experiment  with  the  wine  flask  was  one  very  likely 
to  occur  in  the  manner  he  has  mentioned,  and  to  a  mind  like  his  would 
naturally  lead  to  a  practical  application  of  it.  His  thoughts,  we  are  told. 
"  were  always  employed  in  hydrostatics  or  hydraulics,  or  in  the  improve- 
ment of  water- works."  Then  there  is  no  evidence  that  he  was  much  of 
a  reader :  had  he  been  conversant  with  books,  he  would  not  have  proposed 
the  propulsion  of  vessels  with  paddle-wheels  as  new.  These  occurred  to 
him  as  they  have  done  to  thousands  in  every  age  when  devising  means  to 
increase  the  speed  of  boats ;  and  so  it  may  have  been  with  his  steam  ma* 
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cti'ine:  a  device  like  it  would  naturally  be  the  result  of  the  txpenrnent 
with  the  wine  tlask,  and  even  without  it,  when  his  thoughts  were  once 
directed  to  raising  water  by  steam.  Moreover,  Savery  was  ignorant  of 
the  safety- valve,  the  very  thing  wanted  to  remove  the  most  formidable 
objection  to  his  machine ;  and  yet,  as  we  have  shown,  he  might  have 
found  it  in  some  popular  works  on  chemistry  and  distillation, — besides 
which,  Papin's  improved  application  of  it  had  been  published  several 
vears.  (The  single  machine  figured  No.  194  was  erected  by  Savery 
himself  as  late  as  1 711  or  '12,  and  it  had  no  safety-valve.) 

But  whether  he  derived  the  hint  from  Worcester  or  not,  he  is  entitled 
to  all  the  honor  he  has  received.  He  was  the  first  effectually  to  introduce 
the  device,  and  the  first  to  publish  a  description  of  it  in  detail.  He  con- 
cealed nothing,  but,  like  a  sensible  and  practical  man,  explained  the  whole, 
and  left  it  to  its  own  merits.  No  one's  claims  to  a  place  in  the  history  of 
the  steam-engine  were  better  earned,  whether  he  be  considered  the  r^in 
ventor,  or  improver  only  of  Worcester's  68th  proposition.  There  are 
several  points  of  resemblance  in  the  characters  of  Savery  and  Oliver  Evans. 
By  their  energy  and  indomitable  perseverance  ihcyjbrced  their  inventions 
into  public  notice  in  spite  of  public  apathy,  and  so  worked  their  way  into 
the  temple  of  honorable  fame.  Both  published  curious  pamphlets,  that 
will  preserve  their  names  and  inventions  from  oblivion. 

But  Savery's  steam-engine  does  not  belong,  to  the  same  family  as  the 
modern  one,  nor  can  he  be  said  to  have  contributed  to  the  invention  of  the 
latter,  except  so  far  as  making  his  contemporaries  more  familiar  with  the 
mechanical  properties  of  aqueous  vapor.  'Tis  tme  he  employed  this  fluid 
in  close  vessels,  and  so  far  he  succeeded ;  but  his  ideas  seem  to  have  been 
wholly  confined  to  its  application  to  raise  water,  and  in  the  ircst  direct 
irianner — ^hence  he  never  thought  o{ pistons.  Had  he  turned  his  attention  to 
iiii|)art  motion  to  one  of  these,  he  would  have  left  little  for  his  succ<%sor8 
to  do ;  but  as  it  was,  he  did  not  lead  engineers  any  nearer  to  the  piston 
engine.  He  proposed  to  propel  machinery  by  discharging  the  water  he 
raised  upon  an  overshot  wheel ;  hence  his  patent  was  **  for  raising  water, 
«nd  occasioning  motion  to  all  sorts  of  mill  work."  But  this  was  obviously 
ftji  afterthought,  an  accidental  result,  rather  than  one  originally  designed 
or  looked  for.  A  piston  and  cylinder  only  could  have  given  his  machine 
A  permanent  place  in  the  arts,  either  as  a  hydraulic  or  a  motive  one.  He 
accomplished  almost  all  that  could  be  realized  without  them.  The  most 
splendid  talents  of  the  present  times  could  have  done  little  more.  Papin 
abandoned  the  piston  and  cylinder,  and  in  doing  so  quenched  a  halo  of 
glory  that  would  havo  shone  round  his  name  for  ever ;  and  Savery,  for 
vrant  of  them,  notwithstanding  his  ingenuity,  perseverance  and  oartial 
success,  lived  to  see  his  device  in  a  great  measure  laid  aside.  Savery 
died  about  the  year  1716. 

As  Savery's  engine  be'^ame  known,  several  additions  to  and  modifica- 
tions of  it  were  proposed.     A  few  of  these  may  be  noticed  :— 

lirs.  Desagulicrs  and  Gravesande,  from  some  experiments,  concluded 
titat  single  engines  were  more  economical  than  double  ones — a  single 
receiver  being  \*  emptied  three  times  whilst  two  succeeding  ones  [of  a 
do^ible  engine]  could  be  emptied  but  once  a  piece."  Of  single  engines 
Desaguliers  erected  seven  between  the  years  1717  and  1744.  "The  first 
was  for  the  late  Czar,  Peter  I,  for  his  garden  at  Petersburgh,  where  it 
was  set  up  The  boiler  of  this  engine  was  spherical,  (as  they  must  all  be 
in  this  way,  when  the  cteam  is  much  stronger  than  air)  and  held  between 
^ve  and  six  hogsheads ;  and  the  receiver  held  one  hogshead,  and  was 
filled  and  empncd  four  times  in  a  minute.     The  water  was  drawn  vx>  by 
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fUf-tton  or  the  pressure  of  the  atmosphere  29  feet  high,  out  of  a  well,  and 
then  pressed  up  11  feet  higher.  Another  engine  of  this  sort  which  I  pot 
up  for  a  friend  about  five  and  twenty  years  ago,  [1719]  drew  up  the  water 
29  feet  front  the  well,  and  then  it  was  forced  up  by  the  pressure  of  the 
steam  24  feet  higher,"  &c.  But  these  "  improved  "  engines  differed  in 
reality  but  little  from  Saver^^'s  single  one.  No.  194.  Desaguliers  furnished 
his  boiler  witli  Papin's  steelyard  safety-valve;  a  three-way  cock  alternately 
admitted  steam  into  the  receiver  and  water  from  the  forcing  pipe  to  con- 
dense it :  in  other  respects  the  en^nes  were  much  the  same.  Sayeiy 
made  no  provision  to  secure  his  boilers  .from  being  exploded ;  but  the 
safety-valve  was  not  always  a  preventive  in  former  times,  any  more  than 
at  present.  **  Ab<iut  three  years  ago  [says  Desaguliers]  a  man  who  was 
etirircly  ignorant  of  the  nature  of  the  engine,  and  without  any  instructions, 
undertook  to  work  it ;  and  having  hung  the  weight  at  the  farther  end  of 
the  steel-yard,  in  order  to  collect  more  steam  to  make  his  work  the  quicker, 
he  hung  also  a  very  heavy  plumlier's  iron  upon  the  end  of  the  steeUyard: 
the  consequence  pro v VI  fatal,  for  after  some  time  the  steam,  not  being  able 
with  the  safety-clack  to  raise  up  the  steel-yard  loaded  with  all  this  unu- 
sual weight,  hurH  the  boiler  with  a  great  explosion,  and  kill'd  the  poor 
man."     Exp.  Philos.  ii.  489. 

In  a  double  engine  by  Leopold.  A.  D.  1720,  the  receivers  were  placed 
below  the  water  they  were  to  raise :  hence  the  principle  of  condensation 
was  not  required — for  as  soon  as  th^  steam  expelled  the  contents  of  a  re- 
ceiver, a  comnunication  was  opened  between  the  upper  part  of  the  lattet 
find  the  atmosphere,  so  as  to  allow  the  steam  to  escape  and  a  fresh  supply 
of  water  to  enter  below.  He  produced  a  rotary  movement  by  discharging 
the  water  into  the  buckets  of  a  water-wheel. 

When  steam  is  admitted  into  a  receiver,  a  portion  is  immediately  con 
densed  by  the  low  temperature  of  the  vessel  and  the  cold  water  within; 
so  that  not  till  a  film  or  thin  stratum  of  hot  water  is  thus  formed  on  the 
surface,  can  the  full  force  of  the  vapor  be  exerted  in  expelling  the  contents. 
This  waste  of  steam  is  not  however  so  g^at  as  might  be  imagined,  because 
the  water  with  which  it  comes  4n  contact  still  remains  on  the  surface, 
having  become  lighter  than  the  mass  below  by  the  accession  of  heat,  aLd 
consequently  preventing  the  heat  from  descending :  yet  various  attempts 
wore  made  to  interpose  some  non-conducting  substance  between  the  steam 
and  the  water.  Papin,  as  we  have  seen,  used  a  floating  piston.  In  1766, 
Mr.  BUkey,  an  enterprising  English  mechanic,  took  out  a  patent  for  the 
application  of  a  stratum  of  oil  or  air.  To  use  these  he  made  some  corres- 
ponding alterations  in  the  receiver;  but  the  advantages  were  not  so  great 
as  had  been  expected.  Blakey  also  introduced  a  new  boiler,  consisting 
of  tubes  or  cylinders  completely  filled  with  water  and  imbedded  In  the 
fire.  It  caused  considerable  excitement  among  scientific  men,  but  the 
danger  arising  from  them,  and  the  explosion  of  one  or  more,  caused  them 
to  be  laid  aside.  He  spent  several  years  in  France,  where  he  erected 
some  of  his  engines,  xie  wrote  on  several  subjects  connected  with  the 
arts.  There  is  a  copious  and  interesting  extract  from  his  Dissertanon  on 
the  Invention  and  Progress  of  Fire  Machinery,  in  the  Gentlemen's  Maga- 
sine  for  1792,  page  502. 

Other  modifications  of  Savery's  engine  were  made  previous  to  and 
about  Blakey 's  time,  of  which  no  particular  accounts  are  now  extant.  Fn 
his  Comparisons  of  French  and  English  Arts,  (article  Horology)  Bidkey 
says,  "About  1748  another  Swiss,  named  RiveUz,  appeared  in  Pa»"is:*" 
ho  understood  all  the  known  principles  and  methods  for  regulating  time  in 
equal  parts,  to  which  he  added  others  of  his  invention.  ------   And  I 
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can  say  without  pretend.ng  to  prejudice  any  one's  merit,  that  I  never 
met  with  any  French  or  English  man  who  had  so  much  ingenuity  and 
knowledge  in  mcoljanical,  hydraulic,  Jire  machinery  princjples,  &c.  as  Ri 
vatz."  (CTent.  Mag.  1702,  page  404.) 

In  1734  M.  G^nsanne,  a  French  gentleman,  made  some  improvements 
on  Saverv's  engine,  and  by  additional  mechanism  rendered  It  self-acting. 
The  alternate  descent  of  two  vessels  of  water  opened  and  closed  the 
cocks,  on  much  the  same  principle-  as  that  exhibited  in  Fludd's  pressure 
engine,  page  364.  (Machines  Approuve^s,  tome  vii,  222.)  In  1740  M. 
De  Moura,  a  Portuguese,  accogiphshed  the  same  thing  by  the  ascent  and 
descent  of  a  copper  ball  or  float  within  the  receiver ;  but  the  device  was 
too  complicated  for  practical  purposes.  It  is  iigured  and  described  by 
Smeaton  in  the  Philosophical  Transactions,  vol.  xlvii,  437,  in  the  Supple- 
ment to  Harris's  Dictionary  of  the  Arts,  and  in  other  English  works.  In 
1766,  Catnbray  de  Rigny,  an  Italian,  made  some  additions  to  Savery's 
engine  so  as  to  make  it  in  a  great  measure  independent  of  manual  assistance. 
Professor  Francois,  of  Lausanne,  having  been  oonf ulted  respecting  the 
draining  of  an  extensive  marsh  between  the  lakes  Neuchatel,  Bienne  and 
Morat,  adopted  a  fire  engine  on  Savery's  plan,  and  which  he  made  self- 
acting  by  a  more  simple  device  than  either  of  the  preceding.  A  descrip- 
tion and  good  figure  of  his  machine  may  be  seen  in  the  fourth  volume  of 
the  Repertory  of  Arts,  (1794)  page  203.  Nuncarrow's  improvement  on 
Savery's  is  described  in  tlie  American  Phil.  Tmnsactions,  vol.  i,  209,  in 
Titloch's  Phil,  Mag.  vol.  ix,  300,  and  in  Galloway's  History  of  the  Steam- 
Engine.  An  English  patent  was  issued  in  1805  to  James  Boaz,  and  an 
other  in  1819  to  Mr.  Pontifex,  both  for  improvements  on  Savery's  engine. 
For  further  information  see  the  Repertory  of  Arts,  Nicholson's  Journal, 
vr>l.  i,  419,  and  the  Journal  of  the  Franklin  Institute. 

'*  A  commodious  way  of  substituting  the  action  of  fire  instead  of  the 
force  of  men  and  horses  k>  move  machines,"  was  proposed  in  1699,  by  M. 
Amontons,  one  of  the  earliest  and  most  useful  members  of  the  French 
Academy  of  Sciences.  He  named  his  machine  a^e  mill.  It  resembled 
a  large  wheel,  supported  on  a  horizontal  axis,  but  was  composed  of  two 
concentric  hollow  rings,  each  of  which  was  divided  by  partitions  into  a 
dozen  separate  cells.  The  small  or  interior  ring  was  at  a  considerable 
distance  from  the  axis,  and  the  cells  communicated  with  each  other  through 
openings  made  in  the  partitions  and  covered  by  valves  or  clacks.  The 
cells  of  the  exterior  rings  had  no  communication  with  each  other,  but  a 
pipe  from  each  connected  them  with  the  inner  ones.  The  outer  cells 
contained  air,  and  about  one  half  of  the  inner  ones  contained  water.  The 
object  was  to  keep  this  water  always  on  one  side,  that  its  weight  might 
act  tangentially,  and  so  cause  the  wheel  to  revolve,  and  the  machine  con- 
nected to  it.  A  furnace  was  built  close  to  a  portion  of  the  periphery,  and 
the  lower  part  of  the  wheel  was  immersed  in  water,  to  a  aepth  equal  to 
that  of  the  exterior  cells.  When  the  iire  was  kindled,  the  atr  in  the  cell 
affainst  which  the  flame  impinged  became  rarefied,  and,  by  means  of  a 
pipe  communicating  with  an  inner  cell  below  the  asde,  forced  the  water 
contained  in  that  cell  into  an  upper  one.  This  cau.^^ed  that  side  of  the  wheel 
to  preponderate,  which  brought  another  air  cell  in  contact  with  the  fire, 
and  the  fluid  becoming  expanded  by  the  heat  forced  up  the  contents  of 
another  of  the  inner  cells  into  a  higher  one,  as  before  :  in  this  way  every 
part  of  the  periphery  of  the  wheel  was  brought  in  succession  in  contact 
with  the  fire,  and  the  water  in  the  inner  cells  kept  constantly  rising  on 
one  side  of  the  wheel,  thus  causing  the  latter  to  7 evolve.     The  air  in  the 
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outer  cells  was  cooled  as  they  passed  through  the  water  in  which  the 
iower  part  of  the  wheel  dip|)ed. 

This  device  of  Amontons  is  rather  an  air  thai,  a  steam  machine.  It 
hardly  belongs  to  this  part  of  our  subject ;  bui.  as  it  may  be  considered 
the  type  of  most  of  the  steam  wLeels  subsequently  brought  forward,  we 
have  l>eon  induced  to  notice  Ic  here.  As  a  theoretical  device,  it  is  highly 
meritorious,  but  as  a  practical  one,  oi  little  value.  There  is  in  Martyn  and 
Chambers's  abridged  History-  of  the  Academy  of  Sciences  at  Paris.  Lond. 
1742,  a  full  account  of  this  wheel,  aad  of  uie  experiments  from  which  it 
was  deduced.     (See  vol.  i,  69.)     It  was  simplified  by  Leopold. 

Towards  the  close  of  the  17th  cerUury  there  lived  m  Dartmouth,  a  small 
seaport  town  on  the  English  channel,  two  mechanics  who  combined  tteir 
energies  to  devise  a  machine  for  raising  water  by  mean;  of  steam.  Their 
names  were  Thomas  Newcomen  and  John  Cawley ;  the  first  a  blacksmith, 
but  sometimes  called  an  ironmonger,  the  latter  a  plumber  and  glazier. 
The  circumstances  that  led  them  to  the  subject  have  not  been  recorded, 
nor  have  the  particular  contributions  of  each  been  specified.  Their  efforts 
were  however  eminently  successful,  for  to  them  belongs  the  honor  of 
having  permanently  established  the  employment  of  steam  as  a  mechacical 
agent.  The  date  of  the  commencement  of  their  efforts  is  unknown,  but 
from  the  observation  of  a  contemporary  writer  it  seems  to  have  been  as 
early  as  the  first  attempts  of  Savery. 

The  principal  objection  of  miners  to  Savery 's  machine,  viz.  the  enor- 
mous force  ot  the  stearn  required,  and  the  consequent  frequent  explosion 
of  the  boilers,  &c.  was  completely  avoided  by  Newcomen  and  Cawley ; 
for  they  used  steam  of  little  or  no  greater  force  than  cooks  do  in  common 
cauldrons— hence  it  could  never  explode  a  boiler  or  endanger  human  life. 
Savery *s  engine  had  other  disadvantages.  It  was  required  to  be  placed 
toithin  a  mine  or  pit,  and  in  no  case  farther  from  the  bottom  than  25  or  30 
feet ;  whereas  Newcomen  and  Cawley *s  was  erected  on  the  surface,  near 
the  mouth  of  the  shaft.  Moreover,  m  those  mines  which  were  previ- 
ously drained  by  pumps,  it  could  be  used  to  work  these  as  before,  without 
any  additional  cost  for  new  pipes  and  pumps ;  the  engine  in  such  cases  merely 
superseding  the  horses  and  their  attendants.  Instead  of  applying  steam 
like  Savery  directly  to  the  water  to  be  raised,  these  mechanics  made  use 
of  it  to  give  motion  to  a  piston  and  vibrating  beam,  and  through  these  to 
common  pump  rods ;  hence  the  device  may  be  considered  rather  for  im- 

Carting  motion  to  machines  proper  for  raising  water,  than  as  one  of  the 
ttter. 
It  is  in  evidence  that  Newcomen  had  some  correspondence  respecting 
his  machine  with  Dr.  Hooke,  and  that  he  was  acquainted  with  what  Papin 
had  previously  done.  This  however  might  very  well  consist  with  the 
idea  of  giving  motion  to  apiHtm  originating  with  himself  or  partner;  yet 
as  their  labors  were  subsequent  to  those  of  the  French  philosopher,  their 
claims  to  it,  if  they  ever  made  any,  could  not  be  sustained.  Their  machine 
in  its  essential  features  is  a  copy  of  Guerricke's,  and  the  mode  of  producing 
a  vacuum  under  the  piston  similar  to  Papin's ;  but  as  Papin  did  not  suc- 
ceed, the  r^introduction  of  a  device  similar  to  his,  and  its  successful  appli- 
cation to  the  important  purpose  of  draining  mines,  belong  wholly  to  them; 
and  the  merit  oi  doing  this  was  certainly  much  greater  than  can  ever  bb 
claimed  for  the  abortion  of  Papin.  Fulton  did  not  invent  steam  boats, 
but  he  was  the  first  to  demonstrate  their  utility  and  to  introduce  them  bio 
use  here  after  they  had  been  tried  and  abandoned  in  Europe. 

It  should  not  be  supposed  that  the  piston  engine  would  not  have  been 
realized  at  the  close  of  the  17th  or  beginning  of  the  18th  century,  if  Papin 
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mmI  Newciren  Tihi]  not  lived.  The  spirit  of  inquiry  that  vi  u  abroad  in 
their  days,  and  the  number  of  ingenious  men  etignged  in  devisine  means 
to  employ  steam  as  a  motive  agent,  would  assuredly  have  soon  brought  it 
into  use.  Indeed,  every  improvement  in  the  application  of  steam  eeema 
to  have  been  aJways  percciv-ed  by  some  contemporary  projectors,  etnoog 
whom  llie  contest  of  maturing  ii  was,  as  in  a  race,  one  oi'si>eed.  "  Watt 
[observes  Prof.  Renwick]  found  a  competitor  in  Gainsborougii,  and  but  & 
few  weeks  would  have  placed  Stevens  on  the  very  eminence  where  Fulton 
now  stands."  The  circumstances  of  the  times,  the  increase  of  English 
manufactures,  and  the  general  want  of  some  sulistitute  for  animal  labor, 
were  all  then  favorable  to  the  introduction  of  the  steam-engine.  "Had 
the  mines  of  Cornwall  been  still  wrought  near  the  surface,  SaveryorNew. 
comen  would  hardly  have  found  a  vent  for  their  engines.  Had  not  the 
manufacturers  of  England  been  wanting  in  labor-saving  machinery,  the 
double-aciing  engine  of  Watt  would  Lave  been  suited  to  no  useful  appli- 
cation. A  very  few  years  earlier  than  the  voyage  of  Fulton  [to  Albany] 
the  Hudson  could  not  have  furnished  trade  or  travel  to  support  a  steam 
boat,  and  the  Mississippi  was  in  possession  of  disperaed  hordes  of  savages." 


•wk^'i EHfiH.  A.a.i-m. 


ciples  and  operation 
of  N«wcomen  and  Cawley's  firat  engine ;  and,  wden  compared  with  tlioso 
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already  noticed,  will  enable  the  reader  to  do  justice  to  all  concerned.  It 
will  be  perceived  that  although  steam  is  an  essential  agent,  it  is  not  the 
primum  mobile  of  the  apparatus :  the  pressure  of  (he  atmosphere  is  the 
first  mover,  and  to  excite  this  only  was  steam  employed. 

A,  in  the  figure,  (No.  196)'  represents  a  vibrating  beam  with  arched 
I  ends  or  sectors,  from  one  of  which  the  main  pump  rod  is  suspended  by  a 
;  chain.  This  rod  descends  into  the  mine  or  pit,  and  is  connected  to  as 
many  other  rods  as  there  are  pumps  to  be  worked.  A  counterpoise  or 
heavy  weight  m  is  fixed  to  the  rod,  so  as  to  depress  it  and  raise  the  other 
end  of  the  beam  in  the  position  represented,  a,  the  steam  cylinder,  open 
at  top,  its  sides  being  surrounded  by  another,  and  the  space  between  titem 
cor  taining  water,  r,  the  piston  rod  and  piston,  attached  to  the  beam  by 
a  chain,  b,  the  boiler,  c,  gauge  cock.  N,  safety  valve  with  weights 
placed  directly  upon  it.  d,  a  cc«k  to  admit  steam  into  the  cylinder,  e,  a 
pipe  and  cock  to  convey  the  water  round  a,  into  the  well  or  tank  o.  f^  ^ 
pipe  and  cock  to  supply  cold  water  to  condense  steam  in  the  cylinder.  A, 
another  pipe  and  cock  to  furnish  occasionally  a  little  water  to  the  upper 
side  of  the  piston,  to  prevent  air  from  passing  between  the  packing  and 
sides  of  tiie  cylinder :  this  water  was  kept  at  the  depth  of  about  two  inches. 
/  ^,  a  pipe  proceeding  from  one  of  the  pumps  in  the  pit  to  supply  the  small 
cistern  with  water.  j»,  a  pipe  to  convey  the  steam  condensed  withm  a 
into  the  tank  o,     w  the  ash  pit.     x  x,  flues  round  the  boiler. 

Fire  being  applied  to  the  boiler  and  steam  generated,  the  cock  d  It 
opened  and  the  cylinder  filled  \vith  steam,  provision  being  made  for  the 
*  escape  of  the  air  previously  within,  d  is  then  closed  and  f  opened,  by 
wliich  cold  water  from  the  cistern  is  admitted  to  flow  round  a :  this  con- 
denses the  vapor  within,  and  a  vacuum  being  thus  formed  under  the  piston, 
the  latter  is  pushed  down  by  the  atmosphere ;  consequently  the  opposite 
end  of  the  beam  is  raised,  and  with  it  the  pump  rods  and  the  load  of  water 
with  which  they  are  burthened.  y*  is  now  closed  and  d  again  opened, 
when  the  counterpoise  m  preponderates,  the  piston  is  raised,  the  cylinder 
again  filled  with  steam,  and  the  operation  repeated.  But  previous  to  the 
admission  of  vapor  the  second  time  into  the  cylinder,  the  cock^*  is  closed 
and  the  one  on  pipe  e  opened,  to  allow  the  water  between  the  cylinders 
iO  escape  into  the  tank  o,  this  water  having  become  heated  by  its  contact 
with  a.  As  soon  as  the  cylinder  is  charged  anew  with  steam,  a  fresh 
supply  of  cold  water  to  condense  it  is  admitted  by  again  opening^! 

The  amount  of  force  thus  excited  depends  upon  the  (uameter  of  the 
cylinder  a,  or  the  area  of  its  piston,  and  the  state  of  the  vacuum  made 
under  the  latter.  The  dimensions  of  a  must  therefore  be  proportioned  to 
the  resistance  to  be  overcome^to  the  quantity  of  water  to  be  raised  from 
a  mine,  and  the  height  at  which  it  is  to  be  discharged-^and  to  render  an 
engine  of  the  kind  effective,  the  whole  of  the  steam  in  a  should  be  con- 
densed, and  as  quickly  as  possible.  These  conditions  were  not  very  well 
fulfilled  by  the  apparatus  as  figured  above.  Time  was  required  for 
the  cold  water  between  the  cylinders  to  extend  its  influence  from  the  cir- 
cumferehce  to  the  centre  of  the  inner  one,  in  order  completely  to  condense 
the  vapor ;  hence  the  movements  were  extremely  slow,  the  strokes  seldom 
exceeding  seven  or  eight  per  minute.  An  accidental  circumstance  pointed 
out  the  remedy,  and  greatly  increased  the  effect.  As  the  engine  was  a: 
work,  the  attendants  were  one  day  surprised  to  see  it  make  several  strokes 
much  quicker  than  usual;  and  U|)on  searching  for  the  cause,  they  found, 
8ay9  Desaguliers,  **  a  hole  in  the  piston  which  let  the  cold  water  [kept 
u\ton  the  p.ston  to  prevent  the  entrance  of  air  at  the  packing]  into  the  inniat 
qI  the  cylinder."     Tbs  water  falling  through  the  steam  condensed  it  a.- 
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most  instantaneoudly,  and  produced  a  vacuum  with  far  less  water  ih&n 
when  applied  to  the  exterior  of  the  cylinder.  This  led  Newcomen  to 
remove  the  outer  cylinder,  and  to  insert  the  lower  end  of  the  pipe  f  into 
the  bottom  of  a,  so  that  on  opening  the  cocky*  a  jet  of  cold  water  was 
projected  through  the  vapor.  This  beautiful  device  is  the  origin  of  tlie 
injection  pipe  still  used  in  low-pressure  engines. 

Newcomen  and  Cawley's  engine,  as  figut-ed  page  465,  was  improved  in 
several  parts  in  1712,  and  soon  after  adopted  as  a  hydraulic  machine  fot 
draining  the  coal  and  iron  mines  in  various  parta  of  Europe.  Very 
elaborate  engravings  of  some  used  in  French  mines  may  be  seen  in  the 
folio  edition  of  Arts  et  Metiers.  See  also  Desaguliers'  £x.  Philos.  vol.  ii, 
and  Switzer's  Hydrostatics. 

The  application  of  sectors  and  chains  to  pump  rods  did  not  originate  with 
Newcomen.  They  are  figured  by  Moxon,  and  were  probably  employed 
in  working  pumps  in  mines  previous  to  the  invention  of  the  steam-engine. 

We  have  often  thought  the  heaviest  charge  against  Savery  was  to  be 
found  in  his  conduct  towards  Newcomen  and  Cawley.  Their  machine 
was  essentially  different  from  his  in  its  principle,  construction  and  mode 
of  actior),  yet  he  insisted  that  it  .was  an  infringement  upon  his  patent.  He 
employed  the  pressure  of  the  atmosphere  in  charging  his  receivers,  by 
condensing  with  cold  water  the  steam  within  them.  So  far  as  regards 
tliis  mode  of  forming  a  vacuum,  (he  in  his  receivers  and  they  beneath  a 
pi.ston)  there  is  a  resemblance  between  the  two  machines,  but  no  farther ; 
and  this  plan  of  making  a  vacuum  was  not  original  with  him  any  more 
than  with  them.  It  was  no  more  a  new  device  in  his  time  than  his  paddle 
wheels  were.  The  object  of  Newcomen  and  Cawley  in.fornHng  a  vacuum 
was  also  quite  different  from  his ;  for  they  did  not  raise  water  into  the 
vacuity,  but  envployed  it  solely  to  excite  the  pressure  of  the  atmosphere 
upon  the  upper  side  of  a  piston,  in  order  to  impart  motion  to  common 
pump  rods.  Again,  he  used  the  expansive  force  of  high  steam  :  tliis  was 
the  prominent  feature  in  his  machine,  and  the  great  power  that  gave  efH- 
ciency  to  it ;  but  they  did  not  use  this  power  at  all.  The  weight  of  the 
external  air,  not  the  expansive  force  of  steam,  was  the  primum  mobile  in 
their  machine,  and  it  was  brought  into  action  by  the  vapor  of  water  at  the 
ordinary  boiling  point. 

But  as  th^  formed  a  vacuum  in  their  cylinder  by  the  condensation  of 
steam,  he  insisted  on  having  a  share  in  their  patent  1  The  fact  was  his 
machines  had  become  in  a  great  measure  laid  aside,  and  he  doubtless  per* 
ceived  that  they  were  destined  to  be  wholly  superseded.  Desaguliers 
(in  1744)  observes  that  the  progress  and  improvement  of  the  fire  engine 
\vere  stopped  by  the  difficulties  and  dangers  attending  it,  till  Newcomen 
and  Cawley  "  brought  it  to  the  present  form,  in  which  it  is  now  used,  and 
has  been  near  these  thirty  years."  Unless  his  name  was  included  as  a 
joint  patentee,  Savery  threatened  an  appeal  to  the  law ;  and  it  is  said  his 
influence  at  court,  as  commissioner  for  the  sick  and  wounded,  gave  weight 
to  this  ungenerous  and  unjust  demand.  Newcomen  we  are  informed  was 
a  Quaker,  or  like  Cawley  a  Baptist,  and  therefore  on  principle  averse  to 
legal  controversy  :  he  was  moreover  a  man  of  "  a  great  deal  of  modesty," 
and  so  yielded  the  point.  The  patent  was  consequemtly  issued  (in  1705) 
"  to  Thomas  Newcomen  and  John  Cawley  of  Dartmouth,  and  Thomas 
Savery  of  London." 

Another  point  has  been  generally  overlooked  :  to  far  from  ISTewcomen's 
machine  being  an  infringement  or  improvement  upon  Savery 's,  it  was  really 
invented  as  early  if  not  earlier  tlian  the  latter.  Switzer  (Savery's  friend) 
aays,  '*it  [Nswcomen's  engine]  is  indeed  generally  said  to  be  an  imprC^ve- 


468  Sximnve  adoption  of  Neteramem's  Engine.         [Book  DT. 

mont  to  Sayery*8  engine,  but  /  am  well  vtform*d  that  Mr.  Newcomen  wai 
as  early  in  his  invention,  as  Mr.  Savery  was  in  his,  only  the  latter  being 
nearer  the  court,  had  obtain'd  his  patent  before  the  other  knew  of  it ;  on 
which  account  Mr.  Newcomen  was  glad  to  come  in  as  a  partner  to  it." 
(Hydrostatics,  342.)     That  is,  as  a  partner  to  his  own  invention. 

To  Newcomen  and  his  associate  belongs  the  honor  of  laying  the  found- 
ation for  the  modern  engine.  ■  The  piston  engine  of  Worcester  had  been 
forgotten,  Papin's  was  an  abortion,  and  Savery  probably  never  thought  of 
one ;  hence,  whether  the  Dartmouth  mechanicians  were  aware  of  its  pre- 
vious employment  or  not,  to  them  a  large  share  of  merit  is  justly  due. 
They  were  moreover  amiable  and  unassuming  in  their  manners,  and  seem 
to  have  passed  through  life  without  exciting  much  of  that  envy  that  em- 
bitters more  or  less  the  nights  and  days  of  successful  inventors.  From 
such  men,  who  can  withhold  expressions  of  approbation  and  esteem  1  Had 
they  been  members  of  the  Koman  church,  they  should  have  been  canonized 
—could  we  believe  in  the  efficacy  of  prayers  for  the  dead,  we  would  have 
masses  performed  for  the  repose  of  their  spirits— and  Lad  we  the  power, 
every  contributor  to  useful  mechanism  should  be  commemoTatod  by  an 
apotheosis. 

Cawley  died  in  1717,  but  the  data  of  Newcornea*!  d3e9\9e  bas  not 
been  ascertained 
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Newcomen  and  Cawley's  engines  were  found  to  answer  the  purpose 
of  raising  water  so  well,  that  in  a  few  years  they  were  introduced  into 
Russia,  Sweden,  France  and  Hungary;  and  about  1760,  one  was  imported 
by  the  proprietors  of  the  old  copper  mine  near  Belleville,  New  Jersey. 
They  in  fact  impaitcd  a  new  and  very  beneficial  impulse  to  mining  opera- 
tions, and  quickly  raised  the  value  of  mining  stock.  Deluged  works  were 
recovered,  old  mines  deepened,  and  new  ones  opened,  in  various  districts, 
both  in  Great  Britain  and  continental  Europe :  nor  were  they  confined  to 
draining  mines,  but  were  employed  to  raise  water  for  the  use  of  towns 
and  cities,  and  even  to  supply  water-wheels  of  mills.  By  exciting  the 
attention  of  Ingenious  men  to  their  improvement,  they  became  tlie  means 
of  extending  manufactures  generally,  and  introduced  one  which  had  never 
before  been  known  in  the  world,  viz.  the  fabrication  of  motive  eugine^-^^ 
manufacture  upon  which  the  wealth,  power  and  happiness  of  nations  ara 
destined  in  a  great  degree  hereafter  to  depend. 
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Leopold,  to  <Hriiom  we  have  freqnently  referred,  reflecting  on  Ftpin'i 
•KncT.menU,  sug^s  ed  the  fbllowing  •pplicabon  of  stesin  to  move  piatoni 
ftnd  lo  niM  <rv«i  >— 
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Two  iteKtn  cylinden,  open  kt  top  and  prrvided  with  pistons  a  b,  wure 
placed  over  the  boiler  e,  from  the  upper  part  of  which  a  four-way  cock  d 
admitted  steam  alternately  into  the  bottom  of  each.  The  pistona  were 
connected  by  inflexible  rods  to  the  ends  of  two  working  beams,  and  to  the 
opposite  extremities  of  tfae  beams  were  connected,  by  similar  rods,  the 
pistonsy  g  (if  two  forcing  pumps,  whose  lower  parts  were  placed  in  the 
water  to  he  raised.  An  attendant  turned  the  plug  of  the  cock  to  admit 
ateam  under  one  piston,  which  was  pushed  up  by  the  expansive  force  of 
the  Ruid,  and  consequently  the  piston  of  the  pump  connected  to  the  same 
beam  was  forced  down,  and  the  weter  in  its  chamber  driven  up  the  rising 
main  t.  The  cock  was  then  turned  to  admit  steam  into  the  other  cylinder, 
whose  piston' was  raised  in  like  manner;  at  the  same  time  one  passage  of 
the  cock  opened  a  communication  with  the  interior  of  the  first  cylinder 
and  the  external  air,  so  as  to  allow  the  steam  within  to  escape. — (bee  the 
figure.) 

This  is  the  Rrst  high-pressure  piston  engine  Rgured  in  books.  It  has  been 
greatly  admired,  and  yet  as  represented  It  is  useless  and  impracticable; 
for  when  the  steam  pistona  were  once  raised  the  whole  would  remain  im- 
moveable, there  being  no  means  for  causing  them  to  descend.  Had  Leo- 
pold used  one  beam  instead  of  two,  and  placed  a  pump  and  steam  cylinder 
under  each  end,  the  device  would  have  been  complete  and  very  effective. 

It  is  singular  that  the  researches  of  Leopold  had  not  made  him  ac- 
quainted  with  the  fact  that  four-way  cocks  were  used  long  before  Papin, 
to  whom  he  attributes  them. 

With  thisdeviceof  Leopold,  we  take  leave  of  steam  machines.  Hitherto 
they  had  been  employed  oiiit/  to  raise  water,  but  the  period  was  now  ap- 
proaching when  the  agency  of  this  fluid  as  a  first  mover  of  machinery  m 
general,  was  to  become  indefinitely  extended.    The  engine!  of  Newcumen 
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and  Leopold  were  the  links  which  connected  the  labors  of  Heron,  Gaiuy, 
Porta,  Worcester,  Moreland,  Papin  and  Save  y  with  those  of  Watt.  Thej 
opened  the  way  for  the  introduction  of  the  crank  and  fly-wheel,  which 
clianored  completely  the  character  of  the  old  er  chines.  Like  Worce8ter*s 
and  Savery's,  Newcomen*s  engpne  required  tL3  constant  attention  of  an 
attendant  to  open  and  close  the  oocks ;  but  a  hsj  named  Potter  employed 
in  this  service,  stimulated  by  the  love  of  pl^/,  in^nicusjy  added  cords  to 
the  levers  by  which  the  cocks  were  :ur.ied,  and  c^nn^cting  the  other  ends 
of  the  cords  to  the  moving  b^^am,  rendered  the  machine  self-acting,  and 
thus  acquired  opportunities  of  *-ji:ilng  his  sponave  companions  unknown 
to  his  employers.  Iron  rods  W3r«^  scon  after  substituted  for  the  cords  by 
Beighton,  and  finally  Watt  an  i  Gainsborough,  Hornblower,  Evans  and 
Trevithick,  &c.  appeared  and  made  the  steam-engine  the  great  prime 
mover  of  man. 


A  few  subordinate,  devices  relating  to  steam  and  steam-engines  may  here 
be  noticed.  There  is  in  Stuart's  Anecdotes  an  historical  note  respecting 
wooden  boilers,  in  which  water  is  heated  by  furnaces  or  flues  within 
them.  They  are  traced  back  to  1663.  It  may  be  interesting  to  some 
readers  to  state,  that  they  were  in  use  in  the  preceding  century,  and  thai 
the  device  in  all  probability  dates  from  even  a  more  remote  period.  They 
are  described  in  Gresner's  "  Secrets  of  Phisicke  and  Philosophie."  In  the 
English  translation  of  1599,  by  Baker,  to  which  we  have  already  had  re- 
course, they  are  twice  figured,  and  thus  described  :  '*  A  wooden  liowie  or 
tubbe  of  a  sufficient  compasse  and  largnesse  over:  in  the  middes  of  which 
tubbe  erect  and  set  from  the  bottom  unto  the  edge  or  brinke  of  the  same, 
or  rather  above  it,  a  great  copper  vessel,  in  the  forme  of  a  hollow  pype. 
Let  a  parte  of  the  copper  pype  descende,  in  such  sort  and  manner,  chat 
the  water  be  contained  bet  wee  ne  the  outward  bored  wall  of  the  pype  and  the 
parte  within  of  the  tubbe :  But  within  that  parte  of  the  pype  which  de- 
scendeth  by  the  bottome  of  the  tubbe,  let  the  fire  be  put  and  kindled,  for  the 
heating  of  the  water."  Folio  25.  The  third  part  ot  Qlauber's  Trearise  on 
Philosophical  Furnaces  also  relates  to  wooden  boilers,  in  which  liquids 
were  heated  by  a  copper  retort  placed  in  a  fire,  and  whose  neck  was  in- 
serted in  the  lower  part  of  the  boiler,-  the  liquid  circulating  through  the 
retort.     Eng.  Trans,  by  Dr.  French,  London,  1652.  • 

We  have  been  informed  that  an  enormous  steam  boiler  for  an  atmos- 
pheric engine  was  in  use  many  years  ago  at  a  copper  mine  near  Rediiith, 
in  Cornwall,  England,  which  was  composed  entirely  of  large  blocks  of 
granite^  or  '*  moor  stone."  The  water  was  heated  by  a  furnace^  from 
which  iron  pipes  traversed  backwards  and  forwards  in  the  water. 

The  old  chemists  often  boiled  liquids  by  the  sun's  heat,  and  a  writer  in 
the  London  Magazine  for  1750  proposed  to  substitute  the  solar  rays  for 
common  fires  in  heating  steam-engine  boilers,  viz.  by  collecting  the  rays  in 
a  focus  '*  by  means  of  a  common  burning  glass,  or  a  large  concave  reflecting 
mirror  of  polished  metal,  or  perhaps  more  conveniently  by  the  newly  re- 
vived method  of  Archimedes,  which-by  throwing  the  focal  point  to  a  greater 
distance  may  be  capable  of  many  advantages  that  the  others  have  not.*' 
He  anticipates  three  objections :— 1.  "  The  focus  will  vary  with  the  modoa 
of  the  sun."  To  obviate  this  he  proposes  to  make  the  mirror  moveable 
by  machinery  attached  to  the  engine  itself  2.  *'  The  extreme  heat  of  tho 
focal  point."  If  this  should  be  too  intense,  it  may  be  moderated  by  en- 
larging the  focus.  3.  *'  The  sun  does  not  constantly  shine" — therefore  the 
enffine  must  stop.     This  objection,  he  remarks,  is  common  to  wind,  tide 
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and  other  mills ;  and  he  thinks  in  the  hot  months,  at  leajit,  a  steam-engine 
might  be  made  to  raise  hy  the  sun*s  heat  water  enough  from  a  well  to 
replenish  fish  ponds  &c.  as  opportunity  served.  We  have  long  thought 
that  solar  heat  will  yet  supersede  artificial  fires  to  a  limited  extent  in  raising 
steam,  as  well  as  in  numerous  other  operations  in  the  arts,  especially  in 
places  where  fuel  is  scarce.  It  is  a  more  legitimate  object  of  research 
than  one  half  of  the  new  projects  daily  brought  forward. 

The  mode  adopted  by  Watt  for  supplying  water  to  his  boilers  by  means 
of  B.  float  attached  to  a  lever,  aind  so  arranged  as  to  open  and  close  a  valve 
in  an  adjoining  cistern,  was  not  invented  by  him.  It  was  eoiployed  by 
Mr.  Triewald,  the  Swedish  engineer,  in  1745',  in  his  apparatus  for  commu- 
ricating  heat  to  green -houses  by  steam,  and  is  described,  with  a  figure,  in 
the  London  Magazine  for  1755,  p.  18 — 21. 

Heating  green-houses  by  steam  is  mentioned  by  an  Enfrliah  writer  in 
IGfiO.  Rivius,  in  1548,  speaks  of  eolipiles  being  emplovf^d  to  impart  an 
agreeable  temperature  to  apartments  in  dwellings.  Col.  Wm.  Cook's 
**  Method  to  warm  rooms  by  the  steam  of  boiling  water,"  is  described, 
with  a  cut,  in  the  Gentleman's  Magazine  for  1747,  p.  171.  A  boiler  was 
to  be  heated  by  the  kitchen  fire,  and  the  steam  pipe  to  ascend  through  one 
tier  of  rooms,  and  descend  through  another,  traversing  backwards  and 
forwards  in  each  room  according  to  the  temperature  required  ;  the  escape 
of  the  condensed  and  waste  steam  being  regpilated  by  a  cock. 

A  patent  for  cooking  by  steam  was  taken  out  in  England  by  Mr.  How- 
ard in  1793.  He  named  his  apparatus  ''a  pneumatic  kitchen."  Repertory 
of  Arts,  vol.  X,  147. 

There  are  two  other  classes  of  motive  machines  that  we  intended  hero 
to  notice  in  some  detail ;  but  as  they  have  not  come  into  general  use,  and 
this  volume  having  already  nearly  reached  its  prescribed  limits,  a  brief 
sketch  may  suffice.  The  origin  of  most  of  them  may  be  traced  to  attempts 
to  supersede  steam  by  more  portable  fluids,  or  such  as  require  less  fuel  to 
generate.  We  allude  to  explosive  and  to  vapor  engines.  Of  all  the  devices 
to  which  the  steam-engine  has  given  birth,  none  possess  greater  interest 
than  these.  Some  were  designed  to  raise  water  directly,  and  all  of  them 
indirectly.  The  first  class  are  named  from  the  force  by  which  they  act 
being  developed  by  the  firing  (generally  under  pistons)  of  explosive  com^* 
j^unds.  These  are  either  concrete  or  aSriform  substances,  as  gunpowder, 
a  mixture  of  hydrogen  gas  and  common  air,  ^c.  Those  of  the  second 
class  are  similar  to  steam-engines,  except  that  they  are  worked  by  elastic 
fluids  evolved  from  volatile  liquids,  or  such  as  pass  easily  and  at  low  tern* 
peratures  into  the  aeriform  state,  as  alcohol,  ether,  &c. 

Explosive  like  steam  engines  have  been  made  to  act  in  two  different 
ways,  according  to  two  opposite  properties  or  effects  of  the  exploded  sub- 
stance—the expansive  force  developed,  and  the  vacuum  or  partial  vacuum 
which  succeeds.  For  the  purpose  of  explanation,  suppose  two  large  re- 
peating guns  or  muskets,  provided  with  small  charges  of  powder  only,  to 
be  secured  by  a  frame  in  a  perpendicular  position,  with  their  muzzles  up* 
w^ards,  and  three  or  four  feet  apart.  Directly  over  them  let  there  be 
adapted  a  working  beam,  somewhat  as  in  the  last  figure,  ^suspended  on  a 
fulcrum  at  an  equal  distance  from  each.  Suppose  the  ramrods  placed  ii> 
the  barrels  with  their  buttons  or  plugs  so  maae  as  to  fill  the  bore,  and 
work  air-tight  like  the  piston  of  a  syringe  or  pump.  Let  the  upper  ends 
of  these  rods  then  be  connected  by  a  bolt  to  the  ends  of  the  beam,  which 
should  be  at  such  a  distance  above  the  muzzles  that  when  the  plug  of  one 
rod  is  at  the  bottom  of  its  barrel,  that  of  the  other  may  be  just  within  the 
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musile  of  the  other  barrel.  Now  let  that  musket  with  whoee  hreech  the 
plug  of  icB  ramrod  is  in  contact  be  first  fired,  and  the  rod  will  instantly  be 
lorced  like  a  bullet  up  the  barrel,  and  by  its  connection  with  the  beam 
will  cause  the  other  rod  to  descend.  The  musket  in  which  this  last  rod 
moves  is  then  in  its  turn  to  be  fired  and  the  rod  forced  up  in  the  same  way. 
Thus  the  operation  is  continued.  The  reciprocating  motion  of  the  beam 
is  converted,  if  required,  into  a  continuous  rotary  one  by  means  of  a  crank 
or  some  analogous  device. 

Engines  on  this  plan  have  not  succeeded,  nor  is  there  an^  probabili^ 
of  their  success.  There  are  apparently  insuperable  objections  to  tliem, 
but  wbich  need  not  here  be  detailed.  The  explosion  of  gunpowder  has 
therefore  been  more  frequently  employed  to  produce  a  partial  vacuum  in 
a  cylinder  when  its  piston  is  raised,  in  order  to  excite  the  pressure  of  the 
atmosphere  to  force  it  down.  Suppose  one  or  more  openings,  covered  by 
valves  or  flaps,  were  made  near  the  upper  ends  of  the  muskets  mentioned 
above,  i.  e  just  beneath  the  pistons  or  plug^s  of  the  ramrods  when  at  the 
highest  point  in  the  barrels,  and  the  powder  exploded  when  they  are  in 
that  pOHition :  the  sudden  expansion  would  drive  out  through  the  valves 
most  of  the  air  previously  in  the  barrel,  the  valves  would  instantly  close, 
and  the  atmosphere  would  push  down  the  rod  and  thus  raise  the  other; 
which  in  its  turn  might  be  caused  to  descend  by  exploding  the  cham 
under  it,  and  so  on  continually.  Instead  of  openings  in  the  cylinders  wr 
the  escape  of  the  air,  some  experimenters  have  made  large  openings  in 
the  pistons  and  covered  them  with  flaps,  (like  the  suckers  of  <»>mmon 
pumps)  so  that  when  the  explosion  ceased  the  flaps  closed  and  prevented 
the  air's  return.  Others  have  used  solid'  pistons  and  removed  the  bottoms 
of  their  cylinders,  and  covered  the  openings  with  leather  flaps  so  as  to 
operate  as  valves  and  give  a  freer  exit  to  the  air  and  heated  gases.  This 
was  the  plan  adopted  by  Mr.  Morey.  Papin  used  hollow  pistons.  The 
vacuum  produced  in  this  manner  by  gunpowder  has  always  been  very 
imperfect.  Instead  of  obtaining  a  pressure  of  14  or  15  pounds  on  the  inch, 
Papin  could  not  realise  more  than  six  or  seven. 

Gunpowder  has  also  been  applied  to  raise  water  directly,  by  exploding 
it  in  close  vessels  like  the  receivers  of  Savery,  with  a  view  to  expel  their 
contents  by  its  expansive  force,  and  also  to  produce  a  vacuum  in  order  to 
charge  them — ^but  with  no  useful  result 

'  Explosive  mixtures,  formed  of  certain  proportions  of  an  inflammablt 
gas  and  common  air,  have  been  found  to  produce  a  better  vacuum  than 
gunpowder ;  for  a  volume  of  air  equal  to  that  of  the  gas  used  is  displaced 
from  the  cylinder  by  the  entrance  of  the  gas  previous  to  every  explosion, 
and  when  this  takes  place  nearly  the  whole  of  the  remaining  air  is  expelled. 
As  yet,  however,  the  best  of  explosive  engines  have  had  but  an  ephemeral 
existence.  Besides  other  disaa vantages,  the  heat  generated  by  the  flame 
attending  the  explosion  expands  the  air  that  remains,  so  as  to  diminidi 
considerably  the  effect 

Of  vapor  engines,  the  most  promising  at  one  time  were  those  in  which 
the  moving  force  was  derived  from  ether  and  alcohol.  The  former  boils 
at  about  blood  heat,  or  98^  of  Fahronheit*s  scale,  and  the  latter  at  174^, 
while  water  requires  2129,  The  vapor  of  alcohol,  it  has  been  stated, 
exerts  double  the  force  of  steam  at  the  same  temperature ;  and  if  to  this  it 
be  conceded  that  the  same  quantity  of  fuel  produces  equal  temperatures 
on  both  alcohol  and  water,  then  the  former  would  seem  to  be  more  econo- 
mical than  than  the  latter.  Moreover,  in  consequence  of  the  different  spe- 
cific gravities  of  water,  alcohol  and  ether,  the  cost  of  vaporizing  equal 
volumes  of  each  varies  in  a  still  greater  ratio  than  their  boiling  points — 
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this  cost  being  as  the  numbers  11,  4,  2~*thu8  making  the  scale  preponde- 
rate still  more  in  favor  of  alcohol  and  ether.  Why  then,  it  may  be  asked. 
/lave  they  not  superseded  water]  Pnncipally  because  the  different  vo 
luraes  of  vapor  from  equal  quantities  of  tlie  three  liquids  turn  back  the 
tfcale  in  favor  of  steam.  A  cubic  inch  of  water  affords  ISOO  cubic  inches 
of  steam,  while  a  cubic  inch  of  alcohol  produces  about  600  and  ether  only 
300  inches;  hence  the  expense  of  producing  equal  volumes  ftf  va2for  (and 
that  is  the  main  point)  is  actually  in  favor  of  steam.  It  has  therefore  been 
deemed  more  economical  to  use  tliis  fluid  than  the  others,  even  if  they 
vrere  equally  cheap— to  say  nothing  of  the  danger  arising  from  such  an 
employment  of  highly  inflammable  liquids,  and  the  practical  diflicuUies 
auendii.g  their  application. 

in  1791,  Mr.  John  Barber  obtained  a  patent  for  an  explosive  motive 
engine :  he  used  gas  or  vapor  from  "  coal,  wood,  oil,  or  any  other  com- 
bustible matter,"  which  he  distilled  in  a  retort,  and  '*  mixed  with  a  proper 
quantity  of  atmospheric  or  common  air."  See  Repertory  of  Arts,  vol.  viii, 
371.  Another  patent  was  issued  in  1794  to  Robert  Street,  for  an  "  in- 
flammable vapor  force,"  or  explosive  engine.  He  exploded  spirits  of 
tar  or  turpentine  mixed  with  common  air  under  a  piston,  and  forced  it 
entirely  out  of  the  cylinder,  into  which  it  was  again  returned  (by  its  own 
weight)  and  guided  by  groo%'es  in  the  frame  work.  Rcj>ertory  of  Arts, 
vol.  1,  154.  In  1807,  a  patent  was  granted  in  France  to  M.  De  Rivaz,  for 
another,  in  which  hydrogen  and  common  air  were  mixed  and  exploded. 
De  Rivaz  moved  a  locomotive  carriage  by  the  power  he  thus  derived. 
He  also  inflamed  the  gaseous  mixture  by  the  electric  spark.  Dr.  Jones, 
in  1814,  made  experiments  on  another.  See  Journal  ot  the  Franklin  In* 
f  titute,  vol.  i,  2d  series,  page  18.  Mr.  Cecil,  in  1820,  published  in  the 
Transactions  of  the  Cambridge  Philosophical  Society,  (Eng.)  a  description 
of  an  explosive  engine  of  considerable  merit. 

In  1825,  Mr.  Brown,  of  London,  patented  his  pneumatic  or  gas  vacuum 
engine.  The  very  sanguine  expectations  it  excited  have  now  died  away. 
It  IS  figured  and  descrited  in  too  many  works,  both  English  and  Ameri- 
can, to  require  insertion  here.  In  1826,  Mr.  Morey,  of  New  Hampshire, 
patented  an  explosive  engine,  and  soon  after  exhibited  a  large  working 
model  in  this  city,  (New  York)  which  we  took  several  opportunities  to 
ex.-'mine.  The  piston  rods  of  two  vertical  and  open  cylinders  were  con- 
nected tc  the  opposite  ends  of  a  vibrating  beam.  The  pistons  were  made 
of  sheet  copper,  m  the  form  of  plungers,  about  nine  inches  diameter,  and 
were  made  to  work  air-tight  by  means  of  a  strip  of  oiled  listing  or  cloth 
tied  round  the  upper  ends  of  the  cylinders.  This  was  all  the  packing. 
NIr.  Morey  employed  the  vapor  of  spirits  of  turpentine  and  common  air. 
A  small  tin  dish  contained  the  spirits,  and  the  only  heat  he  used  was  from 
a  common  table  lamp.  By  means  of  a  crank  and  fly-wheel  a  rotary  move- 
ment was  obtained,  as  in  the  steam-engine. 

A  singular  device  for  making  the  atmospheric  changes  of  temperature 
a  means  for  raising  water,  was  devised  by  M.  Woisard.  It  consisted  of 
two  vessels,  one  above  the  other,  connected  by  a  tube.  The  lower  one, 
having  a  valve  in  its  bottom,  was  placed  in  the  water  to  be  raised.  The 
upper  vessel  was  exposed  to  the  sun's  heat,  and  within  it  was  a  bag  or 
•mall  balloon  containmg  air,  and  a  little  ether,  or  other  volatile  liquid. 
*'  As  the  atmospheric  temperature  falls,  the  balloon  will  diminish  in  bulk, 
the  surrounding  air  will  become  rarer,  and  the  water  will  introduce  itself 
into  the  machine  through  the  valve ;  and  when  the  temperature  again 
vibes,  the  pressure  exerted  within  the  machine  by  the  increasing  vofume 
of  the  bal\>on,  will  cause  the  excess  of  water  to  flow  out"     With  the  ex« 
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ception  of  the  ether,  this  device  is  a  modification  of  the  air  maehinefl  Noc 
174  and  175,  figured  at  page  3S0. 

The  vapor  of  mercury  has  been  tried  as  a  subeticute  for  steam,  but 
without  much  success.     This  metal  boils  at  660^. 

Another  source  of  power  has  been  sought  in  the  tremendous  force  with 
wliicli  the  liquefied  and  solidified  gases  expand  at  common  temperatures. 
LLtpiid  carbonic  acid,  at  the  low  temperature  of  32Pf  has  been  found  to 
exert  a  force  equivalent  to  thirty  five  atmospheres !  anit  every  increment 
of  heat  adds  to  its  energy.  No  very  practical  mode  of  employing  this 
force  as  a  mechanical  agent  has  yet  been  matured. 

The  alternate  decomposition  and  recomposition  of  water  has  also  been 
suggested.  By  decomposing  this  liquid  by  galvanic  electricity,  oxygen 
and  hydrogen  gases  are  produced  in  the  exact  proportions  in  which  they 
combine  in  water.  If  these  gases  be  made  to  occupy  the  interior  of  a 
cylinder  when  the  piston  is  raised,  and  the  electric  spark  be  then  passed 
through  them,  they  instantly  become  condensed  into  a  few  drops  of  water, 
and  an  almost  perfect  vacuum  is  the  result,  when  the  atr  oaphere  acts  on 
the  piston.  The  water  is  then  to  be  reconverted  into  its  Cv^^nstituent  gases, 
and  the  0(>eration  repeated.  See  *'  The  Chemist,"  for  1325.  For  furt^e? 
and  mare  recent  information  respecting  motive  engines,  conao^t  the  Re 
pertory  of  Arts,  Hebert's  Resfister  of  Arts,  liondon  Mecuuiics*  Magazine, 
and  the  Journal  of  the  Franklin  Institute. 
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NOVEL  DEVICES  FOR  RAISING  WATER,  WITH  AN  ACCOUNT  O? 
SIPHONS,  COCKS,  VALVES,  CLEPSYDRi£,  &c.  ^U. 


CHAPTER     I. 


SoDJoets  mated  In  the  flfth  book— Lateraf  eonnraBieatlOBof  moUoii->Th»  obaorvod  by  the  enciecl»* 
Wind  at  t|io  Fells  of  Niefen— The  troMbe  described— Neturnl  trombes— Tasting  hot  liquids— Water- 
epottts— Various  operations  of  the  human  mouth— Currents  of  water— Gulf  stream— Lai^e  rivers— Ad- 
rentnres  of  a  bottle— £xperimeuts  of  Venturi — Expenditure  of  water  Arom  various  formed  ^utafee— 
Contracted  vein— Cause  of  Increased  dischaiYe  from  conical  tubes— Sale  of  a  water  power— ftofulation 
of  the  ancient  Romans  to  prevent  an  excess  of  water  from  beiuf  drawn  by  pipes  from  the  aqueducts. 

In  this  book  we  propose  to  notice  some  devices  for  raising  water  that 
are  either  practically  useful,  or  interesting  from  their  novelty  or  the  prin- 
ciples upon  which  they  act.  An  account  of  siphons  is  added,  and  also 
remarks  on  cocks,  pipes,  valves,  and  other  devices  connected  with  practical 
hydraulics. 

A  fluid  moving  in  contact  with  another  that  is  comparatively  at  rest, 
diLgs  along  those  particles  which  it  touches,  and  these  by  their  mutual 
adr  esion  carry  their  neighbors  with  them ;  the  latter  also  communicate 
tlie  impulse  to  others,  and  these  to  more  distant  ones,  until  a  large  mass 
of  the  fluid  on  both  sides  of  the  motive  current  is  put  in  motion.  Whatever 
may  he  the  process  by  which  this  is  eflected,  or  by  whatever  name  the 
principle  involved  may  be  called,  (lateral  communication  of  motion  or  any 
other)  there  is  no  question  of  the  fact.  The  operation  moreover  is  not 
conflned  to  any  particular  fluid,  nor  is  it  necessary  that  the  one  moved 
should  be  of  the  same  nature  as  the  mover :  thus  air  in  motion  moves 
water  and  other  liquids  as  well  as  air,  and  aqueous  currents  impart  motion 
to  aeriform  fluids  as  well  as  to  standing  waters.  A  stream  of  wind  from 
a  bellows  bears  with  it  the  atmospheric  particles  which  it  touches  in  its 
passage  to  the  fire— i  e.  it  sweeps  along  with  it  the  lining  of  the  aerial 
tube  through  which  it  is  urged.  -Blowing  on  a  letter  sheet  to  dry  the  ink« 
or  on  scalding  food  to  cool  it,  brings  in  contact  with  these  substances 
streams  of  other  air  than  what  issues  from  the  thorax.*  The  operations 
by  which  the  man  in  the  fable  blew  hot  and  co4d  "  out  of  the  same  mouth  *' 
_ . 

*  Does  not  the  lame  principle  perform  an  important  part  in  respiration  7— the  lungs 
not  being  wholly  inflated  by  air  directly  in  front  of  tiie  lips,  where  particle*  of  that 
previouflly  exhaled  might  aiiU  linger,  but  also  by  currents  flowing  in  from  all  sides  of 
the  LQcntb  or  nostrils. 
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may  here  be  explained  :  in  the  first  case  the  hollow  hands  closely  encom 
passed  the  mouth  and  received  the  warm  air  from  his  chest ;  in  the  latter 
his  food  was  at  a  distance  from  his  lips,  and  consequently  the  heat  of  his 
breath  was  absorbed  by  the  surrounding  air  and  that  which  was  earned 
along  with  it  to  his  soup. 

A  blast  of  wind  directed  over  the  surface  of  a  placid  pond  or  lake  not 
only  creates  a  current  on  the  latter,  but  sometimes  bears  away  part  of  the 
water  with  it.  A  vessel  sailing  before  the  wind  is  aided  in  her  coarse, 
though  it  may  be  but  slightly,  by  the  liquid  current  produced  on  the 
ocean's  surface^  Storms  of  wind  long  continued  heap  up  the  sea  against 
the  mouths  of  rivers,  and  cause  them  to  overflow  their  banks,  while  low 
tides  often  result  from  the  same  agent  driving  the  ocean  away  in  opposite 
directions.  These  effects  of  win  J  were  observed  in  remote  ages.  "He 
raiseih  the  stormy  wind  which  liftcth  up  the  waves.*'  The  river  Jordan 
was  "  driven  back  "  by  wind^  s*>  that  '*  all  the  Israelites  passed  over  on  dry 
ground."  By  its  agency,  a  passage  for  the  same  people  was  opened 
through  the  Red  Sea.  '*  And  Moses  stretched  out  his  hand  over  the  sea, 
and  the  Lord  caused  the  sea  to  ^o  back,  by  a  strong  *ast  wind  all  that 
night,  and  made  the  sea  dry  land,  and  the  waters  were  divided."  Exodus 
xiv.  21. 

On  the  other  hand,  rivers  and  waier-falls  bear  down  immense  quantities 
of  air  with  them.  Strata  of  this  fluid  on  the  surfaces  of  rapid  streams  ac- 
quire a  velocity  equal  to  that  of  the  latter,  and  in  some  places  aerial  cur- 
rents thus  produced  are  very  sensible.  At  Niagara  they  are  sufficient  to 
drive  mills  or  supply  blasts  ft>r  a  lon^  line  of  f  >rges.  In  1S29,  while  as- 
cending the  path  on  the  Canadian  side,  in  order  to  pass  under  the  grand 
chute,  we  entered  suddenly  into  one  of  those  invisible  currents  under  the 
Table  Rock,  and  were  nearly  prostrated  by  it.  It  is  the  ascent  of  this  air 
loaded  with  minute  particles  of  water,  (which  are  borne  up  by  it  in  the 
same  manner  that  it  is  itself  carried  down)  that  contributes  to  the  forma 
tion  of  the  solar  and  lunar  rainbows  seen  at  the  great  North  American  am. 
other  cataracts.  Heavy  rains  bringdown  oceans  of  air,  and  in  the  showef 
bellows,  or  trombe^  blasts  of  wind  are  produced  on  the  same  principle 
Could  we  see  the  air  brought  down  by  heavy  showers,  we  should  behold 
it  rebounding  from  the  eaLrth,  something  like  smoke  when  driven  against 
a  wall  or  any  other  plane  surface. 

As  the  trombe  illustrates  this  part  of  our  subje;;, 
a  figure  of  one  may  as  well  be  given.  The  pipe  A 
discharges  water  from  a  reservoir  into  a  funnel  placed 
on  the  vertical  tuba  C.  The  end  of  A  terminates 
in  the  funnel,  and  opposite  to  it  is  made  a  numbe* 
of  openings  in  C,  two  of  which  are  shown  in  the  cut 
The  lower  end  of  C  enters  the  close  vessel  D,  and 
discharges  its  contents  on  a  stone  placed  directly 
under  it  As  the  water  from  A  passes  down  C,  it 
draws  air  along  with  it  through  the  top  of  the  funnel, 
and  also  through  the  holes  in  the  upper  part  of  C. 
As  the  liquid  dashes  against  the  stone,  the  air  sepa- 
rates and  rises  to  the  top  of  the  vessel,  whence  it  is 
forced  by  successive  volumes  through  B  to  the  fire^ 
while  the  water  collects  at  the  bottom  and  is  let  off 
by  a  regulating  valve  or  cock.  This  machine  it  w:ll 
be  perceived  is  a  miniature  imitation  of  some  of  na- 
ture's operations;  for  cascades,  water-falls,  and  also 
Va  u^  Th«  Tronbt.     heavy  showers  of  rain,  are  all  natural  tromlies 
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The  trombe  is  of  considerable  antiquity.  It  was  known  to  Heron,  and 
's  referred  to  in  Pliny's  Naiui-al  History.  Kircher  has  given  several  figures 
of  it.  See  torn.  i.  203,  of  his  Mundus  Subterraneus,  and  torn,  ii,  pp.  310, 
347,  of  his  Musurffia  Universalis ;  in  which  last  work  he  shows  its  appli- 
cation to  supply  wind  to  organs,  and  by  discharging  the  water  from  the 
bottom  of  the  vessel  upon  a  wheel  he  imparted  motion  to  tlie  keys  of  those 
instruments.     See  also  Phil.  Trans.  Abndg.  vol.  i,  498. 

Liquids  raised  by  currents  of  air  may  be  i-llustrated  by  operations  in 
common  life.  Whenever  water  in  a  well  settles  to  a  level  with  the  orifice 
of  the  pump  pipe,  air  rushes  in  (on  the  ascent  of  the  sucker)  and  sweeps 
up  with  it  portions  of  the  liquid  in  the  form  of  dense  rain.  On  the  same 
principle  people  are  enabled  to  taste  scalding  liquids.  The  next  time  tbe 
reader  sips  hot  soup,  or  tea,  or  coffee,  he  y^iW  find  himself  involuntarily 
keeping  the  edge  or  rim  of  the  spoon  or  vessel  a  short  distance  from  his 
miiUth,  and  protruding  his  lips  till  the  upper  one  projects  a  little  over  the 
edge  :  then  drawing  in  his  breath,  the  entering  air  ripples  the  surface  of 
the  li-juid,  and  by  its  velocity  bears  brr»ken  portions  along,  precisely  like 
the  pump  just  mentioned.  The  liquid  particles  beinc^  thus  mixed  with 
comparatively  large  volumes  of  cool  air,  are  so  raduced  in  their  tempera- 
ture as  to  be  received  without  injury  and  without  inconvenience.* 

Water-spouts  appear  to  be  charged  in  much  the  same  way,  whatever, 
may  be  the  active  agent  in  the  formation  of  these  singular  phenomena ;  for 
the  sea  immediately  under  their  orifice  has  often  been  observed  to  bubble 
or  boil  violently,  and  rise  into  the  spout  in  disjointed  masses. 

A  stream  of  water  directed  into  or  through  a  body  of  the  §ame  ItqutJ^ 
also  communicates  motion  to  those  particles  of  the  latter  that  are  in  contact 
with  or  adjacent  to  the  current.  Examples  of  this  are  furnished  in  several 
of  nature's  hydraulic  operations.  That  constant  oceanic  current  produced 
by  the  trade  winds  is  one.  It  sweeps  round  the  globe,  but  is  deflected 
and  divided  by  the  varying  configuration  of  the  lands  that  lie  in  its  way. 
Under  the  torrid  zone,  it  passses  through  the  Pacific  and  Indian  oceans, 
whirls  round  the  southern  point  of  Africa,  inclines  to  that  continent  in 
again  approaching  the  equator,  then  stretching  across  the  Atlantic  is  di- 
vided by  the  South  American  coast— one  part  turning  northward  to  the 
Gulf  of  Mexico— thence  this  last  division  issues  as  the  Gulf  Stream,  and 
being  turned  in  an  easterly  direction  by  the  coast  of  the  l/nited  States,  it 
bears  away  past  the  banks  of  Newfoundland,  and  extends  its  influence  to 
Ireland,  Iceland,  Norway  and  the  North  Sea.  This  mighty  current  not 
only  draws  with  it  the  liquid  channel  through  which  it  flows,  but  the  ocean 
for  leagues  on  each  side  is  carried  along  with  it,  or  follows  in  its  train ; 

■  Some  of  the  operationa  of  the  month  are  deserving  of  particular  notice.  Thev  will 
be  foand  to  elacidete  several  philosophical  principles,  and  attention  to  them  would  cer 
tainly  have  enabled  inventors  to  have  aniicipatea  many  Ofleful  diacoveriea.  We  have 
in  a  precedins  book  observed  that  the  month  ia  oflen  employed  as  a  forcing  pump  in 
eiectmg  liquids,  and  as  a  tucking  one  when  drawing  them  throngh  siphons,  or  through 
simple  tubes.  We  have  just  seen  how  it  raises  hot  liquids  by  drawing  a  stream  of  air 
over  them,  and  machines  on  the  same  principle  have  been  made  to  rai^e  water.  It  is 
oAeo  used  as  a  bellows  to  kindle  fires,  and  every  body  employs  it  to  cool  hoi  victuals 
by  blowing.  It  even  acts  as  a  stove  to  warm  our  frozen  fingers,  by  giving  out  heated 
tfir.  Many  make  a  condensing  air-pump  of  it,  to  fill  bladders,  air-beds  and  air-pillows; 
some  make  an  exhausting  one  of  it,  and  in  all  it  acttf  continually  as  both  in  respiration. 
How  often  does  it  perform  the  part  of  a  fife,  an  organ,  or  a  whittle,  to  produce  music  f 
—of  an  air-gun  to  shoot  bullets  and  arrows  from  the  sarbacan  ?^and,  not  to  weary  tb« 
reader,  when  employed  in  smoking  a  pipe  of  tobacco,  we  see  in  operation  the  identical 
principle  of  increasing  the  draft  of  locumotive  chimneys  by  exhaustion— -i.  e.  a  sucking 
apparatus  is  applied  to  that  extremity  of  the  flue  tliat  is  tlie  fartliest  from  the  fire— a  devise 
patented  m  Europe  a  few  rears  ago. 
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and  thu»  it  ii  mceaaantly  transferring  to  northern  latitudes  the  «-utii  Traten 
of  the  (M^nintjlial  regions.' 

Tht^  volumes  of  waier  which  shoot  from  the  mouths  of  the  Amason, 
Oronoco  and  Mississippi,  continue  with  almost  unabated  velocity  for  leagtiei 
into  ihe  sea,  and  impart  motion  to  the  contiguous  portions  of  the  latter, 
which  are  compelled  to  acoompsny  thera  in  their  course, 

A  current  of  water  not  only  imparts  motion  in  this  manoer  to  a  maaa  of 
the  same  li<|uid  when  on  a  level  with  Itself,  but  it  may  be  applied  to  raise 
water  from  a  Inieer  hvd.  This  at  first  sight  does  not  appear  very  obvious, 
A  person  having  a  field  which  he  is  unable  to  drain  for  want  of  a  place 
of  discharge  sufficiently  lo»  for  the  purpose,  wcjuld  hardly  think  his  oiiject 
could  he  iilitained  by  passing  a  rapid  stream  into  it  from  a  higher  leveL 
To  some  farmers  this  would  seem  the  moat  direct  way  to  deluge  the  land; 
yet  the  thing  is  not  only  possihli-,  but  in  some  cases  quite  easy,  as  will 
appear  from  the  followmg  experiments  made  by  M.  Venturi  in  1797. 

From  the  lowur  [wrt  of  the  cistern  D,  No.  199,  a  horizontal  tube  pro- 
ceeded into  the  vessel  A  C.  The  water  in  D  was  kept  at  33)  inches 
above  thp  centre  of  the  pipe.  Opposite  and  at  a  short  distance  from  the 
pipe  was  placed  the  mouth  of  an  inclined  rectangular  channel  or  gutter, 
open  at  top.  The  water  issuing  from  the  pip«  rushed  up  this  channel,  and 
was  dischargptl  at  B  ;  but  as  it  entered  the  gutter,  the  current  dragged  in 
with  it  (he  contents  of  A  C,  until  the  surface  sunk  from  A  to  C.  From 
this  experiment  it  is  obvious  that  land  on  a  low  level,  as  at  C,  might  be 
drained  in  this  manner,  and  the  water  discharged  above,  as  at  B,  where- 
ever  a  motive  current  could  be  obtained.  Venturi  applied  the  principle 
with  success  to  some  marshy  land  belonging  to  the  public. 

In  the  next  experiment  both  air  and  water  are  moved  by  the  curtePn 
and  the  pressure  of  the  atmosphere  excited  to  raise  water  as  in  the  pipe 
I  of  a  pump.    The  cylindri- 

cal tube  K  (No.  200)  was 

as  before  being  32)  inches 
above  its  orifice.  The  pipe 
K  was  18  lines  in  diameter 
and  57  long.  A  glass  tube 
A  B  was  connected  to  its 
Upper  surface  at  the  dis- 
tance of  eight  lines  frotD 
its  junction  with  the  resei^ 
„   __  voir.     The  other  end  »f 

the  glses  tube  Jescenled 
into  a  vessel,  T,  contwning  a  colored  liquid.    When  water  flowed  through 


'  Floalioft  ■tlbitancei  have  oflcn  been  thrown  ii 

clion.     Upwnrdi  of  Iwenty  ¥« "  "  ' 

rt  bottle  care  Hilly  cnrked  and  : 


direcliun.     Upwnrdi  of  iwentjr  ytan  aio  we  ca<t  a 
qiinrt  bottle  carefiilty  cnrked  and  sealed,  and  hiivin„ 

Uie  nrcV.  The  boiile  coulalned  n  letter  iddre&ied  to  a  ([eDtleiiiaii  in  London,  and  aa 
open  note  in  Cn){liiih  and  Fiench,  requealing  the  finder  to  put  the  l:«sr  tmo  Ihe  neumd 
piwl-nlGce.  Aiiiericiin  or  European,  and  aleo  a  iDeiiioriaduin  of  the  circnmsiancu.  dat« 
and  place  of  its  discover;,  t'reclseljr  eleien  tnonthi  froiu  ihe  day  Ifae  bottle  was  cois 
milled  lo  the  deep,  the  letter  wu  dehvered  by  the  poilman.  and  aeeoinpanied  wiA  sn- 
elber  Trom  an  Iri^h  clergy  man.  The  frngile  vesel  flnsted  ulcly  ashore  near  SM^o.  lu 
little  pennon  excited  the  atlenlion  of  a  peasant,  who  broke  Uie  battle,  and  not  knnwiaff 
whal  to  niehe  or  Ihe  cniileiiU.  carried  the  whole  lo  ilia  pried.  This  lenileaian  poliiely 
Tomarded  the  lailer  to  iu  de^tinnlloti.  and  wrote  another  eonUining  Uie  particutan  jnfl 
ftMiitioned.  Both  lelteri.  we  believe,  were  laid  before  the  Briuafa  AdmiraJty  by  tbegea 
llaman  to  wbom  ibay  ware  adJwwJ. 
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R  it  drag'^ed  the  ait  at  thu  mouth  of  the  g'lasB  tube  with  it,  the  remaining 
air  dilated,  and  finally  the  whole  was  carniid  out  with  the  effluent  water, 
and  tlie  colored  liquid  rose  to  the  height  of  24  inches  in  A  ^.  The  glosi 
tube  was  then  shortened  to  about  22  inches,  when  the  contents  of  T  roae 
up  and  were  discharged  from  K.  In  another  experiment  K  wag  placed 
iu  nearly  a  perpendicular  position,  being  inclined  a  little  that  the  jet  might 
not.  Ml  back  on  itself,  but  the  liquid  rose  th'rough  A  B  bs  before.  Tlia 
end  of  A  B  where  it  joined  K  was  flush  with  the  interior  surface  of  the 
latter.  Several  small  holes  were  made  round  K. ;  these  diminiabed  the 
velocity  of  the  issuing  current,  but  no  water  escaped  through  the  openings. 

There  is  a  singular  fact  relating  to  the  discharge  of  liquids  from  differen; 
shaped  ajutages  :  for  example,  more  water  flows  through  a  short  lube  than  • 
through  a  simple  orifice  of  the  same  diameter.  A  circular  opening,  of  tlie 
."^me  diameter  as  the  bore  of  K  in  the  last  flgure,  u'as  made  in  a  sheet  of 
tin,  and  the  latter  attached  to  a  cistern  in  which  the  waier  was  kept  at  a 
constant  altitude  of  32J  inches  :  now  wbile  four  cubic  feet  of  water  escaped 
through  the  opening  in  41  seconds,  an  eijuaJ  quantity  parsed  through  K  ib 
31  seconds  ;  and  when  the  length  of  K  was  only  twice  its  diameter,  the 
quantity  discharged  waj  still  greater. 

But  the  quantity  dischargeii  may  be  still  further  increased  if  the  end  of 
K  next  the  reservoir  be  made  to  assume  the  form  of  the  contracted  vrin. 
This  term  is  used  to  designate  that  contraction  which  a  liquid  column  un- 
dergoes when  escaping  through  an  orifice,  or  when  entering  a  tube.  Sup- 
pose an  aperture,  an  inch  in  diameter,  made  in  the  bottom  of  a  bucket  or 
B  cauldron,  and  closed  by  a  plug.  Then  fill  the  vessel  with  water,  and 
withdraw  the  plug.  Upon  examination  the  descending  column  will  be 
found  contracted  or  lapered  for  a  short  distance  below  tlie  orifice,  vie. 
half  an  inch,  or  hfdf  the  diameter  of  (he  orifice.  The  area  of  the  seuion 
of  the  smallest  or  most  contracted  part  will  be  to  the  orifice  as  10  to  .16 
according  to  Bossut,  but  when  a  short  cylindrical  tube  was  applied  to  the 
orifice,  he  found  the  contraction  as  10  to  12.3.  (The  same  thing  occurs 
whether  the  opening  be  made  in  the  side  or  bottom  of  a  vessel.)  Hence 
by  enlarging  the  end  of  K  next  the  i:eservoir,  in  the  proportions  named, 
the  contraction  within  the  cylindrical  part  of  the  tube  would  be  avoided, 
aiid  the  discharge  consequently  increued. 


By  substituting  for  K  a  compound  tube  of  the  form  and  propordons 
fibred  at  No.  201,  the  quantity  discharged  has  been  ascertained  to  be 
more  than  doubled,  being  to  that  delivered  by  the  orilice  in  the  tin  plat* 
■a  24  to  10 !     A,  the  cistern ;  B,  a  short  conical  tube  connecting  the  cylin 
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drical  one  to  the  conical  frustrum  C  D.  Supposing  the  diameter  of  C 
to  be  unity  or  1,  that  of  D  should  be  1.8,  and  tbe  distance  between  them 
9.  The  increased  discharge  ceases  when  the  cylindrical  part  of  the  tube 
B  C  is  of  considerable  length,  and  of  the  same  bore  as  the  smaller  end 
of  C  D. 

A  tube  of  the  form  represented  at  No.  202.  was  applied  by  Venturi  to 
the  same  reservoir,  the  depth  of  water  in  wh.ch  was  also  kept  at  32} 
inches.  Three  glass  tubes,  ABC,  were  connected  to  the  under  side  of 
the  pipe,  and  their  lower  ends  inserted  into  a  vessel  containing  mercury. 
When  water  flowed  through  the  pipe  the  mercury  rose  53  lines  in  A,  20 
in  B,  and  7  in  C.  These  quantities  correspond  with  62  inches  of  water 
in  A,  24  inches  in  B,  and  8  in  C.  The  length  of  the  pipe  should  not  ex- 
ceed four  times  the  diameter  of  its  smaller  end,  and  its  sides  should  not 
diverge  from  each  other  more  than  what  is  required  to  form  an  angle  of 
from  three  to  four  decrees.  By  this  principle  it  will  be  perceived,  that 
water  may  also  be  raised  from  a  lower  level  and  discnarged  at  an  upper 
one,  and  in  many  situations  it  might  doubtless  be  adopted  with  advantajge. 
See  Nicholson's  Journal,  vol.  ii,  and  Hachette's  Traite  El^mentaire  des 
Machines. 

Different  causes  have  been  assigned  for  the  increased  discharge  of 
liauids  through  conical  tubes.  One  is  certainly  to  be  found  in  the  material 
of  which  they  are  made ;  for  when  formed  of  or  lined  with  any  substance 
that  repels  or  refuses  to  coalesce  or  be  wetted  with  the  effluent  water,  as 
wax,  tallow,  &c.  the  effect  ceases.  The  phenomenon  therefore  depends 
upon  the  attraction  and  adhesion  of  the  liquid  to  the  sides  of  the  tubes, 
which  sides  exert  a  capillary  force  in  drawing  the  particles  of  the  liquid 
towards  them,  so  as  not  only  to  prevent  its  assuming  the  figure  of  the  coo* 
tracted  vein  when  entering  the  tube  No.  202,  but  also  drawing  the  particles 
to  the  diverging  sides  of  the  discharging  ajuta^. 

A  knowledge  of  the  increased  discharge  of  liquids  from  conical  tubes 
has  led  some  persons  to  take  advantage  of  the  fact,  to  the  serious  injury 
of  others.  We  have  heard  of  the  purchaser  of  a  water  power,  who  ac- 
cording to  the  covenant  was  to  connect  his  mill-race  widi  the  dam  by  a 
trunk  of  a  certain  specified  bore  €U  thejunctiom.  This  he  did,  but  making 
the  sides  of  the  trunk  diverge  as  in  the  last  figure,  the  proprietor  of 
the  dam  was  astounded  to  find  the  water,  as  if  moved  by  instinct,  giving 
the  new  channel  the  preference,  and  unaccountably  persisting  in  rushing 
through  it  with  a  velocity  that  threatened  to  drain  the  well  supplied  resei^ 
voir,  and  leave  his  own  mill  to  take  its  rest.  This  increased  discharge  is 
not  confined  to  tubes  of  a  cylindrical  or  conical  form.  The  walls  of  the 
channel  may  be  straight,  and  its  section  may  be  a  square,  a  tiiangle,  &c 
as  well  as  a  circle. 

There  is  some  reason  for  believing  that  overreaching  in  this  way  is  not 
wholly  a  modern  discovery.  No  cSty,  ancient  or  modern,  was  perhaps 
ever  supplied  with  water  in  greater  profusion  than  old  Rome ;  yet  the  con- 
tents of  her  aqueducts  were  meted  out  with  economy,  and,  as  in  modem 
times,  a  revenue  was  derived  from  the  sale  of  the  water.  The  superin- 
tendence of  the  aqueducts  and  of  the  distribution  of  the  liquid  through  the 
streets  and  houses  were  always  intrusted  to  a  citizen  of  rank  and  tadents. 
The  celebrated  Frontinus  held  the  office  under  Nerva,  by  whose  directions 
he  wrote  two  books  on  the  water-works  of  Rome,  the  times  of  their  erec- 
tion, districts  of  the  city  supplied  by  each,  the  number  of  public  and  pri- 
vate fountains,  quantities  of^  water  discharged  from  different  sized  oriBces, 
5cc.  From  him  we  learn  that  numerous  fi-auds  were  practiced  in  obtainiug 
more  than  the  assigned  quantity  of  the  liquid,  one  of  the  means  for  pre- 
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▼eating  which  was  this :  when  a  pipe  for  the  supply  of  a  house  was  to  be 
connected  to  the  castellum  or  reservoir,  (wIl'cH  received  the  water  from 
one  of  the  aqueducts)  a  Irrass  calix,  or  short  bent  tube,  (probably  the  same 
as  the  modern  ones  which  connect  the  lateral  pipes  to  the  mains)  was  de- 
livered by  the  officer  in  charge  to  the  workmen,  to  insert  into  the  castellum ; 
and  it  was  enacted  that  the  bore  of  the  cylindrical  leaden  pipe  should  be 
the  same  as  that  of  the  calix  for  at  lesist  Ji/ly 'Jeet  from  the  castellum.  It 
is  therefore  pretty  clear  that  Roman  engineers  were  aware,  that  tlie  in- 
creased discharge  through  enlarged  orifices  ceases  when  a  considerable 
length  of  pipe  of  the  same  bore  as  the  «alix  intervened. 
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Currents  of  air  and  other  elastic  fluids  may  be  employed  to  raise  water 
in  a  manner  different  from  any  yet  noticed ;  i.  e.  not  by  any  modification 
of  the  lateral  communication  of  motion,  nor  by  breaking  the  liquid  into 
minute  particles  by  the  motive  fluid  mixing  with  them,  but  by  the  removal 
or  diminution  of  atmospheric  pressure.  The  principle  to  which  we  allude 
is  to  be  found  more  or  less  active  in  nature,  and  illustrations  of  it  are  not 
infrequent  in  common  life,  although  for  want  of  reflection  they  are  seldom 
noticed  and  are  not  always  understood. 

Meteorologists  have  long  observed  that  storms  of  wind  are  accompanied 
with  a  diminution  of  the  air's  pressure,  and  that  the  descent  of  the  mercu- 
rial column  in  the  barometer  keeps  pace  generally  with  the  violence  of 
the  tempest :  thus  in  hurricanes  the  depression  is  much  more  than  during 
ordinary  gales,  while  in  the  vortex  of  a  tornado  or  a  whirlwind  it  is 
excessive. 

Some  persons  are  apt  to  consider  winds  as  proceeding  directly yV^wi  the 
power  that  generates  them,  as  a  stream  of  water  proceeds  from  a  fire- 
engine  or  one  of  air  from  a  ImjUows,  whereas  they  as  often  rush  Unvards 
the  source  that  gives  them  birth ;  and  hence  it  is  that  hurricanes,  some- 
times if  not  always,  commence  at  the  leeward.  Should  any  mystery  ap- 
pear in  this  it  is  easily  explained  : — if  a  person  blow  through  a  tube,  the 
blast  proceeds  from  him  ;  if  he  suck  air  through  it,  the  current  is  directed 
to  him  :  when  we  close  a  pair  of  bellows,  wind  issues  from  the  nozzle ;  if 
they  are  opened  while  the  ralve  in  the  lower  board  is  shut,  it  rushes  back 
through  the  same  channel :  so  it  is  with  currents  in  the  atmosphere.  A 
partial  void  is  formed  in  the  upper  regions,  perhaps  by  electricity,  by 
changes  of  temperature  or 'humidity,  by  rarefaction  or  other  causes,  and 
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instantly  oceans  of  the  fluid  matter  around  rush  to  restore  the  equiiibiium: 
then  the  removal  of  these  oceans  necessarily  induces  others  to  move  also 
to  take  their  place,  and  in  this  way  various  strata  of  the  atmosphere,  for 
miles  and  hundreds  of  miles,  are  put  in  motion  towards  the  place  where 
the  cause  of  their  movements  is  located,  and  in  a  way  not  unlike  that  by 

t  which  streams  of  air  enter  a  person's  mouth  while  he  sucks  an  empty  tube, 

I  or  a  bellows  during  the  act  of  opening  them. 

When  the  lowering  sky  and  Hitting  clouds  announce  the  approach  of  a 
violent  storm,  and  when,  like  a  demon  broke  loose,  it  destroys  in  its  fuTy 
nearly  every  thing  in  its  track,  we  commonly  suppose  the  mischief  is  done 
by  the  direct  impulse  of  the  blast — that  agitated  and  groaning  forests,  trees 
prostrated,  walls  and  fences  leveled,  buildings  overturned  and  others  nn> 
roofed,  &c.  are  the  results  of  a  tempest  sweeping  these  objects  before  it, 
somewhat  as  we  blow  dust  &c.  from  a  table  or  from  the  cover  or  edge  of 
A  book,  fiut  this,  though  sometimes  the  case,  is  not  always  so ;  for  if  it 
were,  almost  every  object  blown  down  by  the  wind  would  be  found  lying 
m  the  direction  of  the  blast,  whereas  they  are  frequently  discovered  in  the 
opposite  one.  The  effects  enumerated  are  sometimes  caused  by  winds 
blowing  over  a  district  of  country  without  coming  in  contact  with  the  earth 
or  the  objects  upon  it,  but  merely  sweeping  at  some  distance  above  them: 
%t  other  times  similar  results  are  met  with  at  the  extreme  edge  of  a  storm, 
and  even  beyond  it.  In  these  cases  a  partial  vacuum  produced  by  the 
terial  currents  oflen  works  all  the  mischief,  although  it  may  be,  as  it  fte- 
nuently  is,  but  of  momentary  duration.  Close  buildings  have  been  instan- 
ianeously  destroyed  by  the  expansion  of  the  air  toithin  them,  their  waDs 
being  thrown  outtoards,  and  their  roofs  projected  aloft.  The  tornado  by 
which  the  city  of  Natches  was  recently  destroyed  furnished  striking  proon 
of  this  removal  of  atmospheric  pressure,  and  of  fearful  damages  occasioned 
by  the  void.  The  doors  and  windows  of  one  or  two  houses  left  standing 
amid  the  general  wreck  happened  to  be  open,  and  thus  furnished  avenues 
for  the  dilated  air  to  escape.  In  some  houses  the  leeward  gable  ends 
were  pushed  out,  and  the  windward  ones  stood ;  in  others,  the  leeward 
walls  remained  standing  while  those  to  the  windward  were  thrown  out- 
wards in  the  face  of  the  storm.  Both  gable  ends  Vere  burst  out  in  some, 
and  of  others  the  sudden  expansion  of  the  air  raised  the  roofs  for  a  pas- 
sage, and  lefl  more  or  less  ot  the  walls  standing  * 

Fersons  whose  ideas  of  a  vacuum  are  inseparably  associated  with  air- 
tight vessels,  would  hardly  suppose  that  any  thing  approaching  to  one 
could  be  formed  in  the  open  regions  above  and  about  us ;  yet  every  breath 
of  wind^the  gentle  xephyr  as  well  as  the  furious  tempest— destroys  the 
equilibrium  of  the  air's  pressure,  and  consequently  produces  a  partial  void; 
and  it  will  be  seen  in  this  and  the  following  chapter  that  a  vacuum  may 
be  produced  and  maintained  in  cpen  tubes.  It  should  however  be  kept  in 
mind,  that  an  absolute  vacuity  is  not  found  in  nature  nor  to  be  obtained  by 
art :  the  slightest  rarefaction  and  the  best  results  of  the  best  air-pump  are 
but  degrees  in  the  range  of  a  scale,  of  whose  limits  we  know  but  little. 

A  few  more  familiar  illustrations  of  the  removal  or  diminution  of  atmos- 
pheric pressure  by  currents  of  air  will  not  be  out  of  place.  And  first,  who 
has  not,  while  sitting  by  a  winter's  fire,  witnessed  the  coals  in  the  grate 
brighten  suddenly  up,  and  heard  the  flames  and  heated  idr  roar  in  the 
chimney  as  if  urged  for  a  few  moments  by  some  invisible  bellows-blower  t 
— ^phenomena  attributed,  we  believe,  in  the  days  of  witchcraft,  to  elves  and 


•  See  an  in  unresting  account  of  this  tornado  bj  Dr.Toolej,  of  Natebss,  in  the  JobibsI 
of  uio  Frackiin  Institate  for  Juno,  1840. 
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iairies,  those  mischievous  imps  who,  in  their  wayward  moods,  sometimes 
undertook  to  blow  the  fires  as  well  as  to  sweep  and  sand  the  floors  of  the 
houses  they  visited,  and  who,  by  their  screams  of  delight  on  leaving  their 
work,  were  supposed  to  produce  the  hollow  sounds  m  the  flue  as  they 
darted  up  to  jom  their  comrades  in  the  tempest  without !  It  need  hardly 
be  observed  that  it  is  gusts  of  wind,  sweeping  in  particular  directions  over 
the  t-ops  of  chimneys,  and  thereby  causing  a  partial  vacuum  within  them, 
that  thus  powerfully  increases  the  draft.  But  it  is  not  necessary  to  have 
fire  in  the  grate,  for  the  effect  may  be  noticed  in  parlors  during  the  summer 
months,  when  those  light  and  ornamental  paper  aprons  with  which  ladies 
cover  the  fronts  of  their  grates  are  often  thus  drawn  into  the  flues,  and  be- 
come disfigured  and  spoiled. 

Other  examples  may  be  derived  from  the  movements  of  interior  doors, 
blinds  and  curtains  of  windows.  &c.  While  we  are  writing,  the  front 
door  of  our  dwelling  is  opened,  which  affords  a  clear  passage  from  the 
street  to  a  garden  in  the  rear.  The  door  of  the  room  we  occupy  opens 
into  the  passage,  through  which  a  flaw  of  wmd  has  just  passed,  and  in  a 
twinkling  the  blinds  swing  from  the  windows,  and  the  door  is  slammed  to 
its  frame,  by  the  air  in  the  room  rushing  to  join  the  passing  current,  or  to 
fill  the  slight  vacuum  produced  by  it.  An  open  fire-place  creates  a  draft 
up  the  chimney,  which  acts  as  a  pump  to  draw  cold  air  into  the  room ; 
hence  the  complaint,  not  at  all  uncommon,  of  being  roasted  in  front  while 
facing  the  fire,  and  at  the  same  time  experiencing  the  unmitigated  rigors 
of  winter  behind.  (In  such  cases  the  combustion  should  be  supported  by 
air  drawn  from  without  by  a  pipe  terminating  beneath  the  grate — a  device 
patented  in  modern  days,  though  it  was  known  two  centuries  ago,  and  is 
described  by  M.  Gauger  in  his  treatise  on  "  Fires  Improved,"  a  work 
translated  by  Desaguhers  in  1715.*)  The  motion  of  every  object  in  nature 
produces  currents  of  air,  an4  in  every  possible  direction — the  movement 
of  the  hand  in  writing  or  sewing — the  trembling  of  a  leaf  or  of  an  earth- 
quake— the  flight  of  an  eagle  or  of  an  insect — the  ball  whizzing  f\-om  a 
cannon's  mouth,  the  creeping  of  a  snail,  or  a  wasp  using  her  forceps. 

Artificial  illustrations  might  be  quoted  without  end.  Lay  two  books  of 
the  same  size,  or  two  pieces  of  board,  six  or  eight  inches  apart  upon  a 
table,  and  place  a  sheet  of  paper  over  them;  then  blow  between  the  booKs, 
and  the  f>aper,  instead  of  being  displaced  by  the  blast,  wilt  be  pressed 
down  to  the  table  by  the  atmosphere  above  it,  and  with  a  force  prorior- 
tioned  to  the  intensity  of  the  blast.  Instead  of  the  mouth  next  use  a  pair 
of  bellows,  by  inserting  the  nozzle  under  one  edge  of  the  paper,  and  the 
effect  will  st'll  be  the  same.  The  stream  of  wind  may  even  be  directed 
partly  against  the  under  side  of  the  paper,  which  notwtthstanding  will  re- 
tain Its  place  and  be  pressed  down  as  before.  Suspend  the  books  or  fix 
them  to  the  under  side  Qf  a  table,  then  hold  on  the  paper  till  the  blast  is 
applied,  when  the  sheet  will  be  sustained  against  gravity.  Fold  the  paper 
into  a  tube  and  blow  through  it  with  the  mouth,  or  with  bellows — ^in  both 
cases  it  will  be  collapsed.  From  this  experiment  we  learn  that  the  force 
which  fluids  exert  against  the  sides  of  pipes  that  contain  fhem,  is  greatly 
diminished  when  they  pass  rapidly  through.  We  have  known  a  small 
leak  in  the  pipe  that  supplied  steam  to  a  high-pressure  engine,  cease  to 
g^ve  out  vapor  every  time  the  communication  was  opened  to  the  cylinder 


*  "  Parabolical  ianibs"  ^atso  patented)  or  backs  of  grates  for  reflecting  from  their  po- 
lished sarfaces  the  lieat  into  the  room,  are  deecribed  in  the  same  interesting  little  work. 
At  pa^e  140  Desaguhers  speaks  of  bellows  invented  a^d  patented  by  Captain  davezy-^ 
a  device  of  bis  that  is  no  where  else  meniiooed  that  we  are  aware  of. 
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—  ^he  particles  of  the  fluid  then  heing  hurried  along  with  a  velocity  too 
great  to  allow  any  of  them  to  change  their  direction  to  escape  at  the  leak. 
The  following  abstract  of  experiments  made  by  us  in  1834-^,  to  illus- 
trate the  same'  principle,  may  interest  some  readers : — To  ascertain  the 
extent  to  which  atmospheric  pressure  was  removed  from  under  the  sheet 
of  paper,  we  bent  a  small  glass  tube  at  right  angles,  and  placing  one  end 
•jnder  the  paper  let  it  rest  on  the  table,  while  the  other  descended  into  a 
tumbler  containing  a  little  water.  Then  taking  a  small  pair  of  bellows, 
and  directing  the  blast  over  the  pipe,  the  water  rose  from  one  half  to  three 
fourths  of  an  inch.  The  books  upon  which  the  sheet  laid  were  thee  placed 
within  two  inches  of  each  other,  when  the  effect  was  increased,  the  liquid 
rising  from  IJ  to  2  inches.  We  next  laid  aside  the  paper  and  made  usa 
of  two  tubes,  one  to  blow  through  and  the  other  to  measure  the  ascent  of 
the  liquid.  • 
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Two  leaden  or  block  tin  tubes,  straight  and  polished  in  tlie  inside,  wore 
united  at  right  angles.  See  No.  203.  A  C  the  blowing  pipe,  S  inches 
long  and  half-inch  bore.  B  12  inches  long  and  three-eighths  bore.  The 
upper  end  of  B  was  joined  flush  and  smooth  with  the  interior  of  the  other 
three  inches  from  the  end  A.  Upon  applying  the  mouth  to  C  and*blowinig 
in  the  direction  C  A,  indicated  by  the  arrow,  instead  of  the  liquid  rising 
in  B,  part  of  the  current  from  the  lungs  entered  that  tube  and  was  forced 
through  the  water  in  the  tumbler.  Various  portions  of  the  end  A  were 
then  cut  off  without  changing  the  result,  until  half  an  inch  only  remained 
in  front  of  the  joint,  when  the  air  no  longer  descended,  but  no  rarefaction 
was  produced  in  B.  When  both  tubes  .were  made  of  the  same  hore,  part 
of  the  blast  descended  in  B  until  the  whole  of  A  in  front  of  the  joint  was 
removed.  In  numerous  trials,  the  water  in  the  lower  end  of  B  was  de- 
pressed more  or  less,  whether  the  blast  of  wind  through  A  was  weak  or 
strong.  (From  these  experiments  we  discover  the  impropriety  of  placing 
cylindrical  tubes  on  chimney  tops  at  right  angles  to  the  draft,  and  espe- 
cially on  locomotive  carriages,  as  was  at  first  proposed.  In  the  Edinburgh 
Encyclo|)odia,  vol.  xvii.  p.  457,  a  carriage  by  Tredgold  is  describe  J,  and 
a  figure  of  it  givtjn  in  plate  511.  The  chimney  is  represented  with  a  short 
horizontal  tube  attached  fore  and  aft  to  the  top,  as  in  No.  203,  with  a  view 
"  to  tusixi  the  draft"  by  the  passage  of  the  air  or  wind  through  it.  The 
ex(>oriment8  above  show  that  the  reverse  would  have  been  tlie  case.) 

As  part  of  the  air  in  passing  through  A,  in  No.  203,  turned  off  intii  B 
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the  idea  occurred  that  if  the  junction  of  B  were  made  to  form  an  acute 
angle  with  the  longer  part  of  A,  then  the  whole  of  the  aerial  current  might 
possibly  pass  out  at  A,  since  to  enter  B  it  would  have  very  nearly  to 
reverse  its  direction.  The  device  figured  at  No.  204  was  made  to  test  this. 
(The  part  of  A  in  front  of  the  joint  was  1^  inches  long,  which  from  several 
experiments  we  thought  produced  the  best  effect,  when  A  was  half  an 
inch  in  the  bore — ^i.  e.  the  leng^th  of  this  part  of  t)ie  blowing  tube  was  three 
times  its  diameter.)  Upon  trial  part  of  the  current  passed  into  B  and  es- 
caped through  the  liquid;  as  in  the  preceding  experiment ;  and  even  when 
B  was  turned  up  in  a  vertical  direction  before  entering  the  water,  the  same 
effect  took  place. 

Various  modes  of  uniting;  the  pipes  with  tlie  view  of  preventing  the 
blast  from  entering  the  vertical  one  were  now  tried,  and  to  ascertain  the 
effects  produced  a  glass  tube,  three  feet  long  and  three-eighths  of  an  inch 
bore,  was  attached  to  the  vertical  or  exhausting  tube  of  each.*  In  No.  205 
a  portion  of  B  protruded  into  A,  so  as  to  form  a  partition  or  partial  cover 
to  the  oriBce.  Upon  blowing  throtlgh  A  (in  the  direction  of  the  arrow) 
the  water  sprung  up  B  to  the  height  of  12  inches,  and  in  subsequent  triala 
varied  from  10  to  20  inches,  according  to  the  strength  of  the  blast.  By 
connecting  the  glass  tube  to  the  blowing  end  of  A  and  then  blowing 
through  B,  the  liquid  rose  from  8  to  10  inches ;  the  difference  no  doubt 
being  caused  by  the  current  of  air  having  had  greater  facilities  in  one 
passage  than  in  the  other. 

We  next  united  two  tubes  at  right  angles,  but  instead  of  making  the 
Joint  flush  within  as  No.  203,  the  upper  end  of  B  was  cut  obliquely,  as 
if  to  form  a  mitred  or  elbow  joint.  This  end  was  inserted  into  the  undei 
side  of  A,  as  represented  at  No.  206,  the  open  part  of  B  facing  A.  Tlu? 
object  of  this  device  was  to  ascertain  whether  the  convex  part  of  the  vei 
tical  tube  within  A  would  be  sufficient  to  divert  the  blast  from  entering  B, 
while  it  swept  over  the  upper  edge  and  passed  round  each  side.  Previous 
to  connecting  the  lower  end  of  B  with  the  glass  tube  we  inserted  it  in 
water,  and  upon  blowing  smartly  through  A,  the  liquid  rose  (10  inches) 
and  was  expelled  with  the  air,  forming  a  dense 'shower.  The  glass  tube 
was  then  attached,  (by  a  slip  of  India  rubber)  and  upon  blowing  again  the 
water  rose,  on  different  trials,  from  twenty  to  thirty  inches.  The  tube  A 
was  half-inch  bore,  and  B  three-eighths.  Various  experiments  were  made 
to  determine  the  best  length  of  that  part  of  A  in  advance  of  the  joint :  the 
result  was  generally  in  favor  of  the  extent  already  mentioned. 

The  end  of  B  cut  obliquely,  as  in  the  preceding  experiment,  was  now 
inserted  into  A  at  an  acute  angle.  See  No.  207.  The  ascent  of  the  liquid 
^.11  several  trials  varied  from  20  to  28  inches.  A  moderate  puff  raised  it 
14  inches,  but  a  strong  effort  of  the  lungs  was  required  to  elevate  it  over 
two  feet.  When  the  glass  tube  was  connected  to  A,  as  in  No.  208,  and  a 
nlast  directed  through  B,  the  highest  range  of  the  liquid  was  nine  inches. 

The  tubes  were  next  united  as  in  No..  209 ;  that  is,  the  axis  of  the 
part  of  B  which  entered  A  coincided  with  that  of  the  latter,  thus  leaving 
an  annular  space  one-eighth  of  an  inch  wide  for  the  passage  of  the  blast. 
11-9  effect  of  this  did  not  differ  so  much  from  No.  208  as  was  expected. 
The  rise  varied  from  20  to  30  inches ;  and  not  more  than  half  the  former 
amount  was  produced  by  reversing  the  tubes,  as  in  No.  210.  The  annular 
passage  for  the  blast  in  No.  209  wtis  too  small,  the  current  was  pinched  in 
passing,  and  its  velocity  consequently  diminished.  In  another  tube  in 
which  the  space  was  enlarged,  the  water  rose  six  inches  higher. 

We  next  endeavored  to  ascertain  the  effects  of  varying  the  form  of  the 
discnarging  ends  of  the  blowing  tubes,  either  by  adapting  additional  ones 
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of  d  tapering  form  to  them,  or  by  enlarging  the  ends  themselres.  Of  a 
number  of  experiments,  the  following  will  be  sufficient  for  our  present 
purpose.  In  two  of  the  tubes  (Nos.  211  and  212)  the  exhausting  pipe  did 
not  protrude  into  the  blowing  one :  in  No.  213  it  did.  As  it  is  dimcultto 
keep  up  a  strong  blast  from  the  lungs  through  a  pipe  so  large  in  the  bore 
as  half  an  inch,  No.  211  was  made  of  l)uarter-inch  tubing,  and  No.  212  of 
five-sixteenths.  The  blowing  tube  of  No.  213  was  seven-sixteenths,  and 
the  exhausting  one  three-sixteenths,  and  all  were  made  of  lead.  Besides 
the  tubes  just  named  we  prepared  a  dozen  conicfl  ones,  nine  inches  In r^g, 
the  small  ends  one-quarter  inch  bore,  and  the  large  ones  varying  from 
three-fourths  to  2^  inches.  They  were  made  of  tin  plate,  the  seams  were 
Is-pped,  and  no  particular  care  was  taken  in  their  formation.  From  nu- 
Trerous  trials  with  them  in  a  variety  of  ways,  we  obtained  the  best  results 
with  two,  one  of  which  was  1^  inches  at  the  large  end,  and  the  other  seven- 
eighths.  But  of  these  the  latter,  marked  C  in  the  cut,  generally  caused  the 
water  to  rise  highest  in  the  exhausting  tube. 

The  discharging  end  of  No.  211  extended  1-|  inches  from  the  joint, 

and  the  opposite  end  2^  inches.  When  blown 
through  in  the  direction  of  the  arrow,  part  of 
the  current  descended  through  the  water,  but 
when  the  conical  pipe  C  was  held  close  to  the 
discharging  end  the  liquid  rose  in  the  vertical 
pipe  9}  inches.  A  quarter  of  an  inch  was  next 
cut  off  the  discharging  end  and  C  again  ap- 
plied, when  the  water  rose  12  inches.  The 
end  was  next  remered  out  with  the  tapered 
prong  of  a  file,  when  the  water  rose  (without 
C)  11  inches.  Another  portion  was  next  cut 
off,  leaving  only  half  an  inch  in  front  of  the 
joint,  and  the  end  swelled  out  as  before,  upon 
which  the  rise  was  7^  inches ;  but  when  C 
was  applied  the  water  rose  17^  inches. 
In  all  the  trials  with  C  it  was  necessary,  in  order  to  obtain  the  best 
results,  that  its  axis  should  coincide  with  that  of  the  blowing  tube ;  other- 
wise the  current  of  air  is  deflected  in  its  passage.  The  length  of  the 
blowing  end  of  the  tube  should  be  no  more  than  what  is  necessary  to  give 
a  straight  direction  to  the  current  If  longer  than  this,  the  velocity  and 
strength  of  the  blast  is  unnecessarily^ diminished  by  friction  against  the 
prolonged  sides.  The  blowing  tube  should  also  be  straight  and  smooth 
within ;  for  the  energy  of  the  blast  is'  less  diminished  in  passing  through  a 
straight  than  through  a  crooked  channel — through  a  smoothly  polished 
tube  than  through  one  whose  interior  is  marked  with  asperities.  Moreover, 
dints  or  bruises  in  a  pipe  produce  counter  currents,  and  materially  diminish 
the  ascent  of  the  liquid.  In  small  tubes,  the  end  received  into  the  mouth 
wight  be  enlarged  or  cut  obli()iiely  to  facilitate  the  entrance  of  the  airi 
for  if  the  fluid  be  retarded  in  its  entrance,  part  of  the  force  exerted  by  the 
lungs  is  uselessly  expended.  It  is  immaterial  in  what  position  the  blowing 
tul>e  is  used. 

In  No.  212  the  blowing  tube  was  jointed  to  the  exhausting  one  at  an  an«rle 
ot  2(P.  The  part  in  advance  of  the  joint  was  1 J  inches.  Upon  trial,  the  liquid 
rose  seven  inches.  The  tube  D  was  applied,  (its  small  end  being  enlarged 
to  five-sixteenths)  and  the  water  rose  nine  inches.  The  tube  was  then 
swelled  out  by  the  prong  of  a  file  until  its  orifice  was  seven-sixteenths  of 
an  inch,  when  the  rise  was  lOJ  inches.  D  Was  then  applied,  its  end  en- 
lenng  the  other,  and  the  water  rose  IS  inches.     Previous  to  this  trial  D 
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had  become  slightly  bruised  in^  the  middle  of  its  length  by  a  fall :  the 
b**u  ses  were  taken  out,  and  the  water  rose  24  inches.  Various  portions 
Wore  cut  from  the  large  end  of  D,  but  no  diminution  of  the  rise  occurred 
while  3^  inches  remained,  and  this  length  from  several  trials  gave  better 
results  than  v^bei  the  tube  was  made  shorter. 

In  No.  213,  the  discharging  end  of  the  blowing  tube  was  IJ  inches  long. 
Without  any  additional  tube,  the  water  rose  16  inches.  The  end  was 
swelled  out,  and  the  liquid  rose  19  inches.  D  was  applied,  and  it  roie 
29  inches.  C  was  then  tried,  which  made  the  liquid  ascend  31  inehes. 
The  disc^arging  end  was  reduced  in  length  from  an  inch  and  a  half  to 
half  an  mch,  and  the  elevation  of  the  liquid  was  diminished,  both  with  and 
without  the  additional  tubes  C  and  D. 

Two  other  tubes  connected  like  No.  213  were  also  tried.  From  slight 
variations  in  the  dimensions  of  the  passage  way  over  the  end  of  the  ex- 
hausting tube,  the  results  varied.  Without  the  additional  tube  C,  one 
raised  tlie  water  only  seven  inches,  while  with  C  the  rise  was  17  inches. 
The  other  alone  raised  the  liquid  14  inches,  and  with  C  20^  inches. 

It  has  been  seen  from  preceding  experiments,  that  when  two  tubes  of 
the  same  bore  are  united,  as  in  Nos.  203,  204  and  211,  part  of  the  current 
&or  tho  mouth  will  descend  the  vertical  one,  if  but  half  an  inch  or  even 
lesfi  of  the  discharging  end  project  beyond  the  joint  To  ascertain  at  what 
^  i^tance  from  the  joint  this  descent  of  the  current  could  be  counteracted 
oy  additional  tubes,  we  connected  two  pieces  of  leaden  pipe  (A  and  B) 
ave. sixteenths  of  an  inch  bore  to  each  other,  as  in  the  figure.     A  was  15 

inches  long ;  B  four  inches, 
and  joined  to  the  other  three 
inches  from  the  blowing 
end,  thus  leaving  12  inches 

in  front  of  the  joint.     The 

jj^gji^  lower  end  of  B  dipped  not 

more  than  one-tenth  of  an 
inch  in  water.  A  tapered  pipe,  C,  whose  wide  end  was  1^  inches  and 
the  small  one  five-sixteenths  was  attached  to  A,  and  npou  blowmg  through 
A,  part  of  the  blast  descended  through  B.  "Small  portions  were  then  suc- 
cessively cut  oiFthe  discharging,  end  of  A,  until  the  air  ceased  to  descend 
in  B.  When  nine  inches  remained  in  front  of  the  joint,  but  &  solitary 
bubble  or  two  escaped  through  the  water,  and  after  another  inch  was  re- 
moved, leaving  eight  inches  in  fronf.,  the  whole  current  from  tlie  lungs 
passed  through  A.  The  conical  tube  was  nine  inches  long,  and  after  the 
last  result  it  was  divided  at  D.  four  inches  from  the  end.  Upon  removing 
the  part  thus  cut  off,  air  a^ain  descended,  through  B. 

From  this  experiment  wo  soe  that  the  inQuence  of  such  termmations  aa 
C  to  cylindrical  air  tubes,  extends  to  a  distance  equal  to  25  times  the  tube's 
diameter.  I*  is  however  modified  by  the  velociiy  of  the  motiv.e  current. 
When  high  st«am  is  used  instead  of  air,  the  distance  is  greatly  diminished, 
and  in  some  cases  annihilated.  A  smoky  chimnojr,  or  one  with  a  feeble 
draft.,  may  be  cured  by  enlarjapng  its  upper  part  like  the  additional  tube  C 
u:  tlio  last  figure.  The  reason  why  an  equal  amount  of  rise  in  the  exhaust- 
ing tube  is  not  productsd  by  additional  on^s  to  such  devices  as  No.  213, 
arises  no  doubt  from  the  projection  of  the  exhausting  tube  into  the  blowing 
one,  which  prre vents  the  blast  from  sweeping  directly  into  the  conical  one 
mndJUling  the  latter,  a  condition  necessary  to  the  increased  ascent. 

Some  applications  of  the  principle  illustrated  by  the  preceding  experi- 
ments may  be  noticed : — 1.  In  siphons  for  decantmg  corroding  or  other 
liquidfr-r-K>r  which  see  remarks  on  these  instruments  in  a  subsequent 
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chapter.     2.  Increasing  the  draft  of  chimneys,  as  well  as  preveotiig  them 
from  smoking.     Instead  of  the  old  fashioned  caps  of  clay  or  the  moveahle 

ones  of  iron,  let  them  be  made  in  the  form  of 
the  annexed  figure,  and  either  of  sheet  iron  or 
copper.  A  short  pipe  should  be  fixed  on  the 
chimney,  and  over  it  an  outer  one  (shown  in 
the  cut)  to  turn  freely,  but  as  close  as  possible 
without  touching,  that  the  horizontal  one  to 
which  the  latter  is  attached  may  veer  round 
with  the  wind.  The  vane  V  keeps  the  oppo- 
site end  A  to  the  wind,  which  enters  as  indi- 
cated by  the  straight  arrow,  and  in  passing 
through  sweeps  over  the  projection  and  causes 
if«^BU^  a  vacuum  in  the  chimney,  as  in  the  blowing 

tubes  already  described. 
A  device  of  this  kind  might  -be  made  to  act  in  windy  weather  as  a  per- 
petual bellows  to  blast  or  refining  furnaces,  and  also  to  those  of  steam- 
boats and  locomotive  carriages.  When  used  on  chimneys  of  the  latter,  a 
contrivance  to  turn  and  keep  the  blowing  tube  fore  and  aft,  as  the  carriage  is 
turned,  would  be  required.  The  joint  where  the  perpendicular  tube  li^oves 
over  the  fixed  one  might  also  be  made  air-tight  by  an  amalgam,  on  the 
principle  of  the  water  lute.  From  the  experiments  with  the  tubes  Nos. 
206,  '7,  '8,  '9,  '10  and  '13,  it  follows  that  if^  the  waste  steam  of  a  locomo- 
tive carriage  were  discharged  over  the  mouth  of  the  chimney  as  above, 
instead  of  up  its  centre,  the  resulting  vacuum  would  be  greater. 

It  is  worth  while  to  try  whether  wells,  mines,  and  the  holds  of  ships, 
could  not  be  more  speedily  and  effectually  ventilated  by  a  similar  device 
than  by  the  common  wind  sails  used  in  the  latter.  These  displace  the 
noxious  vapors  by  mixing  fresh  air  with  them,  but  by  the  proposed  plan 
tiie  foul  air  might  be  drawn  up  alone,  while  the  atmosphere  would  cause 
•  steady  and  copious  supply  to  stream  in  at  every  avenue. 

If  two  or  three  exhausting  tubes,  of  metal  or  of  any  other  suitable  ma- 
terial, (whose  diameter  for  a  ship  of  the  largest  class  need  not  exceed 
three  or  four  inches)  were  permanently  secured  in  a  vessel,  their  lower 
ends  terminating  in  or  communicating  with  those  parts  where  noxious 
effluvia  chiefly  accumulates,  and  the  upper  ends  leading  to  any  convenient 
part  of  the  deck,  sides  or  seem,  so  that  the  blowing  part  could  readily  be 
slipped  tight  into  or  over  them,  the  interior  might  be  almost  as  well  ven- 
tilated, even  when  the  hatches  were  cdl  down,  as  the  apartments  of  as 
ordinary  dwelling.  It  appears  to  us  moreover,  that  a  vessel  might  by  this 
means  be  always  kept  charged  with  fresh  and  pure  air;  for  the  apparatos 
might  be  in  operation  at  all  times,  day  and  night,  acting  as  a  perpetual 
pump  in  drawing  off  tho  miasmata.  The  only  attention  required  would 
DO,  to  seciire  the  blowing  ^ubo  in  its  proper  position  with  regard  to  the 
wind  during  storms.  In  ordinary  weather  its  movements  might  be  regu- 
lated by  a  vane,  as  in  the  figure,  wheti  it  would  require  no  attention  what- 
ever. The  upper  side  of  tho  blowing  port  of  the  tube  should  be  cut  parti? 
away  at  the  end,  so  as  to  facilitate  the  entrance  of  descending  currents  of 
wind.    See  the  above  figure. 


Chap.  3.]  Vacuum  hy  Currents  of  S/eam.  4SD 


CHAPTER    III. 

Vacaom  b}  eorrsnts  of  ftMun— Yarioiu  modes  of  ■ppljrinf  them  in  blowiof  tube*— EzperimeM^»»* 
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oae»-*Dottble  blowing  tube— Experimenta  with  it— Raicinf  water  by  cnrrentA  of  steam— Veiitilatiuu  of 
mines — Experimental  apparatus  for  concentrating  sirups  in  raeuo— Drawing  air  through  liquids  Co  pr> 
iBoCe  their  evaporation — ^Remarks  on  the  origin  of  obtaining  a  vacuum  by  currents  of  steam. 

As  the  Utmost  rarefaction  which  can  be  produced  with  blowing  tiiboA 
by  the  lungs  is  exceedingly  limhed,  we  next  endeavored  to  ascertain  hov/ 
far  it  could  be  carried  with  currents  o£  steam.  This  fluid  presents  severa] 
advantages.  By  it  a  uniform  blast  can  be  obtained  and  kept  up,  and  its 
intensity  can  be  increased  or  diminished  at  pleasure :  hence  experiments 
with  it  car  be  continued,  repeated  or  varied,  till  the  results  can  be  relied 
on.  As  ii  is  inconvenient  to  measure  high  degrees  of  rarefaction  by  col- 
umns of  water,  mercury  was  employed  for  that  purpose;  and  as  the 
blowing  rubes  &cc.  if  made  of  lead  or  block  tin  would  have  become  soft 
and  belli  by  the  heat,  they  were  all  made  of  copper,  while  the  additional 
or  conical  lubes  (generally)  were  of  cast  brass,  and  smoothly  bored.  A 
detail  of  all  or  even  half  the  experiments  made  would  possess  no  interest 
to  general  readers,  and  would  be  out  of  place  here ;  we  therefore  merely 
notice  such  as  gave  the  best  results.  The  force  of  the  highest  steam  used 
was  equal  to  a  pressure  of  90  pounds  on  the  inch.  It  was  measured  by 
the  hydrostatic  safety-valve  described  in  the  Journal  of  the  Franklin  Insti- 
tute, vol.  X  9d  series,  page  2. 

While  engaged  in  the  prosecution  of  this  subject,  we  supposed  that  cur- 
rents of  steam  had  never  been  eniployed  to  produce  a  vacuum  ;  but  it  will 
be  seen  towards  the  close  of  the  chapter,  that  we  were  anticipated  by  a 
French  gentleman,  though  to  what  extent  we  are  yet  uninformed.  We 
"were  not  aware  of  the  fact  until  all  the  following  experiments  had  been 
matured,  and  most  of  them  repeatedly  performed.  The  circumstance  af 
fords  another  example  of  those  coincidences  of  mental  and  mechanical 
effort  and  resource  with  which  the  history  of  the  arts  is  and  always  will 
be  crowded.  The  shoemakers'  awl  was  formerly  straight,  but  is  now  bent : 
the  author  of  the  improvement  was  supposed  to  have  lived  in  comparatively 
modern  times;  but  recent  researches  among  the  monuments  of  Egypt 
have  proved,  that  the  artists  who  made  shoes  and  wrought  in  leather  undo> 
the  Pharaohs  used  awls  identical  in  shape  with  the  modern  ones. 

The  expenditure  of  high  steam  through  open  blowing  tubes  like  those 
£«;ured  in  Nos.  203  and  204  would  obviously  be  enormous,  since  there  is 
nothing  in  them  to  prevent  its  passing  freely  through.  They  are  n(»t  there- 
fore so  well  calculated  for  practical  operations  as  those  in  which  the  end 
of  the  exhausting  pipe  projects  into  the  blowing  one  and  contracts  the 
passage  for  the  vapor,  as  in  Nos.  205—210.  Ihese  are  also  better  on 
another  account-^they  produce  a  better  vacuum.  Economy  in  the  era 
ployment  of  steam  is  of  the  first  importance ;  hence  it  was  desirable  to 
determine  if  possible  that  particular  construction  of  the  apparatus  by  which 
the  highest  degree  of  rarefaction  may  be  obtained  with  the  least  expendi- 
ture of  vapor.  Fortunately  for  the  solution  of  this  problem,  thi^ro  is  one 
form  of  the  apparatus  in  which  both  are  eminently  combined :  for  while 

62 


iSO  Apparaiiu/or  emplotfing  C^uremtt  tf  Steam.  [B.iok  V. 

an  inereue  of  the  steam's  elasticity  increased  the  vacuum,  an*  increaaej 
discharge  of  the  vapor  waa  often  found  to  diminiBh  it.  This  was  freqnentlj 
the  case  when  high  steam  was  Employed  :  for  example,  if  the  cock  throngh 
which  steam  passed  mto  the  blowing  tube  marked  C  in  No.  217  was  wide 
open,  the  mercury  would  sometimes  fall  two  or  three  inches,  but  when 
partially  closed,  would  instantly  rise  ;  thus  indicaUng  that  it  is  the  velocity 
and  not  the  volume  of  vapor  passing  over  the  orifice  of  the  exbausling 
pipe,  upon  which  the  vacuum  depends. 


No.  111.       Na.llT. 


M>.aia. 


We  first  passed  steam  through  tubes  connected  like  No.  S13,  both  witk 
lind  without  iho  conical  ajutages  C  D  in  Nos.  21 1  and  212.  Various  pro- 
portions of  the  steam  passage  over  the  orifices  of  the  vacuum  or  exhausting 
pipes  were  also  emf>Ioyed,  as  at  A,  B,  C,  D,  E,  No.  216.  which  repre- 
•ent,  horizontal  sections  of  the  vaiuum  pipe  and  steam  passage  over  its 
orifice.  The  dark  parts  show  the  passage  for  the  steam,  and  the  inner 
circle  the  mouth  of  the  vacuum  tube.  In  A  the  steam  channel  did  not 
extend  over  one-fourth  of  the  circumference  of  the  orifice  j  in  B  it  reached 
Dearly  half  way  round  ;  in  C  three-fourths  ;  while  in  D  and  E  it  extended 
entiri'ly  round.  Upon  trial,  the  vacuum  produced  by  B  was  greater  than 
that  by  A ;  C  surpassed  B,  and  D  uniformly  excefded  them  all.  We 
therefore  finally  arranged  the  apparatus  as  shown  at  No.  217,  in  which  A 
is  a  brass  tube  composed  of  two  conical  frustums  united  at  their  lesser 
The  longer  part,  A,  was  smoothly  bored  and  polished  in  the  diri 


tion  of  its  length,   to 

interior  diameter  of  the   large  end  wai 

smallest  part  nineteen -fortieths,  (rathei 

lernal  diameter  of  the  vacuum  pitie  B 

annular  space  leh  round  it  for  the  stea 

in  width,  being  about  as  small  a  space 

t}ie  pine  B  touching  A.      The  length  of  A   from  the   contracted   part 

6}  incties,     A  glass  tube  three  feet  long,  whoait  lower  end  was  placed 


left  by  the  borer.  The 
n  incti  and  an  eighth,  and  of  the 
:ss  than  half  ar.  inch.)  The  es- 
s  seventeen- fortieths,  so  that  the 
was  only  one-fortieth  of  an  inch 
could    welt   be  formed  without 
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a  vessel^  of  quicksilver,  was  attached  to  B,  and  a  scale  tc  measure  the 
ascenr  of  the  mercurial  colum^. 

When  the  pressure  of- the  steam  in  the  bbiler  was  equal  to  30  pounds 
on  the  inch  exclusive  of  atmospheric  pressure,  and  the  s'jewna  cock  C 
opened,  (the  hol%  in  its  plug  was  five-sixteenths  of  an  inch  in  diameter) 
tlie  mercury  rose  9  inches  in  the  vacuum  tube  B.  When  the  steam  was 
at  40  pounds,  tlie  mercury  rose  15^  inches.  At  50  pounds  it  reached  over 
18  inches,  at  CO  pounds  over  19  inches,  and  at  70  pounds  21  inches.  At 
80  pounds  it  was  only  21  inches,  but  on  partially  closing  the  cock  it  sprung 
up  to  22  inches.  When  the  steam  was  at  90  pounds  on  the  inch,  the  mer- 
cury fell  to  20  inches,  but  on  turning  the  plug  of  C  it  rose  to  22  inches. 
These  experiments  were  repeated  several  times  and  on  different  occasions 
"without  materially  altering  the  results. 

The  effect  of  additional  tubes  inserted  into  the  open  end  of  A  was  next 
observed.  Ten  or  twelve  of  these  were  uiAde  of  tin  plate,  and  of  different 
lengths  and  taper.  The  small  ends  of  all  were  half  an  inch  in  diameter, 
and  made  very  thin,  so  as  to  slide  into  A  nearly  up  to  the  contracted  part, 
and  at  the  same  time  to  present  the  least  projection  possible  to  the  issuing 
current.  The  effect  of  three  of  these  tubes,  two  of  which  gave  the  best 
results,  are  stated  in  the  following  table.  The  tube  No.  1  was  14  inches 
long,  and  its  wide  end  1^  inches  across.  No.  2  was  27  inches  long,  and  Ij 
in  diameter  at  Us  mouth.  No.  3  was  five  feet  long,  and  its  mouth  or  wide 
end  2^  inches  in  diameter. 


FreMure  ofiteam  in  pounds 

Vacuum  In  Inches  of  mercury 

TACtTUM  WITH  ADDITIOIf  AL  TVBBH 

on  oactt  I'luare 

incli. 

with 

npparmtue 

No.  817. 

No.  1. 

No.  S.       No.  3. 

30 

.            • 

9 

10 

11           — 

40 

. 

15.5 

17 

18         10.5 

50 

•           " 

18.1 

20 

20.5     — 

60 

• 

■• 

19.6 

20.5 

22         — 

70 

• 

21 

21.5 

22.3      16.5 

80 

• 

21 

22 

23.5     — 

11 

•           • 

22 

22 

23.5     — 

90 

• 

20 

20 

21         — 

4i 

•           • 

22 

22 

...        _ 

In  aJju^Lincr  an  adaitional  tube  it  was  moved  till  its  axis  coincided  with 
♦hat  of  A.  This  was  ascertained  by  the  mercury,  which  oscillated  with 
every  movement  of  tlie  tube,  but  always  rose  when  it  was  in  the  position 
indicated.  On  one  occasion,  when  the  mercury  stood  at  15  inches,  the 
additional  tube  No.  1  was  slipped  into  A  and  the  mercury  fell  to  12  inches; 
but  this  was  caused  by  pushing  the  tube  in  too  far,  i.  e.  till  it  touched  the 
vacuum  pipe — for  on  witlidrawing  it  and  swelling  out  the  end  a  little,  the 
mercury  rose  to  17  inches  on  the  tube  being  reinserted.  A  snail  addition 
was  made  to  tlie  wide  end  of  No.  1,  so  that  it  flared  out  like  a  trumpet : 
on  trying  it,  the  mercury  stood  two  inches  lower  than  before. 

The  fall  of  the  mercury  when  the  steam  was  raised  to  90  pounds,  was 
quite  unexpected.  It  was  at  first  supposed  to  have  been  caused  by  a 
wrong  position  of  the  additional  tube,  and  then  to  some  small  object  lodged 
by  the  steam  between  the  vacuum  and  the  blowing  pipes;  but  on  exami« 
nation  nothing  of  the  kind  was  found.  As  the  mercury  still  refused  to  nse, 
we  tried  another  apparatus  similar  in  all  respects  to  No.  217,  except  being 
of  rather  larger  dimensions ;  but  the  same  thing  occurred.  VVnen  the 
steam  was  at  30  pounds  the  mercury  stood  at  7^  inches — at  50  pounds  17 
inches-  at  60  pounds  20  inches — at  70  pound*j  22  inches — at  80  pounds 
2^^  liivhes — and  at  90  pounds  20  inches !     Several  experime'tU  sec^^od 
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to  indicate  that  the  leng^th  and  taper  of  the  additional  tubes  should  vary 
with  the  force  of  the  steam,  and  that  the  Annular  passage  for  Uie  rapor 
should  be  contracted  as  the  clastic  force  of  the  steam  was  increased. 

CyUndrical  pipes  applied  to  the  mouth  of  A,  or  to  those  of  the  addi- 
tional tulies,  caused  the  mercury  to  fall ;  but  any  plane  object  held  a^init 
the  current  issuing  from  A,  did  not  affect  the  vacuum.  A  piece  of  board 
Was  gradually  brought  to  within  one-fourth  (fan  inch  of  the  end  of  A,  and 
of  course  denccted  the  steam  at  right  angles ;  yet  the  vacuum  was  not  in 
the  least  diminished  until  the  board  was  pusheJ  still  nearer.  By  applying 
the  large  ends  of  the  additional  tubes  to  A  the  vacuum  was  diminished. 

The  noise  made  by  the  steam  issuing  from  A  is  indicative  of  the  state 
of  the  vacuum.  If  it  be  loud  and  sonorous,  the  vacuum  is  not  near  so  high 
as  when  the  sound  is  less  and  hissing.  In  the  former  case  there  is  generally 
too  much  steam  escaping — the  cock  should  be  partially  closed. 

No.  2  IS  is  a  vertical  and  a  horizontal  section  of  the  device  by  means  of 
which  the  vacuum  tube  was  retained  in  a  position  either  eccentric  or  con- 
centric with  the  blowing  one,  and  by  which  it  could  be  drawn  to  one  side 
so  as  to  touch  the  narrowest  part  of  the  latter.  Three  fine  screws  with 
blunt  ends  were  tapped  at  equal  distances  from  each  otlier  into  solid  pro- 
jections cast  on  A,  1^  inches  below  the  contracted  part.  By  these,  the 
exact  position  of  the  vacuum  tube  which  gave  the  best  result  was  accu- 
rately ascertained ;  and  it  was  remarkable  how  small  a  change  in  its  posi- 
tion affected  the  mercurial  column.  A  few  examples  are  annexed : — 1. 
The  steam  in  the  boiler  bein^  low,  and  the  mercury  standing  at  3}  inches 
only,  the  vacuum  tube  was  urawn  by  the  screws  so  as  barely  to  touch  A, 
and  instantly  the  mercury  fell  to  2  inches.  2.  When  the  pipes  were  clear 
of  each,  ana  the  mercury  19^  inches  high,  as  soon  as  they  touched  it  fell 
to  16  inches.  Similar  results  took  place  whatever  might  be  the  force  of 
the  steam.  3.  The  mercurv  fell  also  when  the  axis  of  both  tubes  did  not 
quite  coincide,  although  a  clear  passage  still  remained  for  the  steam,  as 
shown  at  E,  No.  216.  In  this  case,  as  in  the  others,  the  greater  flow  of 
vapor  on  one  side  probably  created  cross  currents  in  A,  after  passing  the 
contracted  part.  On  one  occasion,  the  mercury  suddenly  fell  several  inches 
while  the  pipes  were  concentric  with  each  other.  Upon  examination  this 
was  found  to  be  owing  to  a  minute  piece  of  grit,  or  a  film  of  lead,  blown 
by  the  steam  between  the  two  pipes,  where  it  was  wedged  in.  It  did  not 
exceed  one-sixteenth  of  an  inch  in  any  direction.  It  produced  the  same 
effect  as  when  the  pipes  touched.  Upon  removing  it,  the  steam  rose  aa 
before. 

Another  point  necessary  to  be  attended  to  is  the  position  of  the  orifice 
of  the  vacuum  pipe  with  respect  to  the  narrowest  part  of  the  blowing  one; 
i.  e.  whether  in  a  line  with  it,  or  in  advance,  or  behind  it,  as  figured  at  A 
B  C  No.  219.  To  test  the  effect  of  these  vanous  positions,  die  vacuum 
pipe  was  so  arranged  by  a  screw  cut  on  it,  as  to  be  pushed  in  or  drawn 
back  at  pleasure.  In  one  experiment,  the  mercury  stood  at  21  inches 
when  they  were  on  a  line,  as  at  A.  The  vacuum  tube  was  pushed  for- 
ward three-sixteenths  of  an  inch  without  any  change  in  the  vacuum;  but 
when  the  pipe  protruded  three-eighths,  as  at  B,  the  mercury  fell  to  18 
inches.  It  was  then  drawn  behind  the  contracted  part  of  A,  and  the  mer- 
cury instantly  began  to  fall.  When  the  orifice  was  one-fourth  of  an  inch 
behind,  the  mercury  fell  from  21  inches  to  4 ;  and  when  drawn  back  one- 
eighth  of  an  inch  more,  as  at  C,  the  steam  descended  the  vacuum  tube  and 
blew  the  mercury  out  of  the  vessel  that  contained  it  In  another  experv- 
meat,  the  vacuum  tube  was  one-fourth  of  an  inch  in  advance  of  the  con- 
Iracted  part,  and  the  mercury  20  inches  hi|^h :  when  the  tube  was  dravm 
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Duck  so  that  its  end  was  in  a  line  with  the  contracted  part,  the  mercury 
t::&e  half  an  inc'n.  When  drawn  back  one-eighth  of  an  inch,  it  fell  to 
17^  inches. 

That  part  of  the  vacuum  tube  within  the  steam  chamber,  or  back  end 
of  A,  should  be  straight,  and  its  axis  should  coincide  as  nearly  as  possible 
with  that  of  A,  else  the  vapor  in  passing  over  the  orifice  will  be  more  or 
less  deflected  to  one  side,  and  thus  diminish  the  vacuum. 

Although  the  blowing  tube  figured  at  No.  217  has  its  mouth  opening 
upwards,  in  practice  we  used  it  in  a  horizontal  position,  as  at  No.  219,  or 
rather  inclined  downwards,  as  at  No.  221,  that  the  condensed  vapor  might 
not  fall  back  and  enter  the  vacuum  tube. 

No.  £t3  represents  another  modification  of  this  mode  of  removing  at- 
mospheric pressure,  by  which  the  vacuum  may  be  carried  to 
a  greater  extent  than  with  No.  217.  It  consists  of  two  blow- 
ing tube»  attached  to  one  vacuum  pipe.  The  lower  blowing 
tube  in  its  narrowest  part  was  seven-twentieths  of  an  inch  in 
diameter,  and  the  annular  passage  for  the  steam  between  it 
and  the  vacuum  pipe  was  only  one-Bftieth  of  an  inch  in  width. 
The  bore  of  the  steam  cock  and  pipe  C  was  three-tenths  of  an 
inch.  I'he  upper  end  of  the  lower  blowing  tube  was  half  an 
inch  in  diameter,  and  terminated  at  the  contracted  part  of  a 
larger  one,  D,  where  a  space  of  one-thirtieth  of  an  inch  was 
left  for  the  steam  between  them.  D  was  six  inches  long,  and 
its  upper  end  an  inch  in  diameter.  It  was  also  furnished  with 
steam  by  the  pipe  and  cock  £.  (Both  blowing  tubes  in 
the  accompanying  illustration  are  figured  too  lar£:e  for  the 
exhausting  one.) 

When  this  device  was  tried,  the  safety-valve  of  the  boiler 

indicated  a  pressure  of  40  pounds  on  the  inch.     The  cock  £ 

was  first  opened,  and  as  the  steam  rushed  from  D  the  mercury 

rose  8  inches.     £  was  then  closed  and  C  opened,  upon  which 

f€  99(L  ^®  mercury  rose  8.8  inches.     Both  cocks  were  then  opened, 

and  the  morcury  rose  16.6  inches. 

When  the  steam  was  at  6i)  pounds  and  £  opened,  the  mercurial  column 

was  9  inches.     With  £  closea  and  C  openea  it  rose   15  inches.     Both 

cocks  were  next  opened,  and  the  height  was  increased  to  20  inches. 

Steam  at  80  pounds  and  £  open,  the  mercury  stood  at  17.5  inches.  C 
open  and  £  shut,  it  rose  to  21  inches ;  and  when  both  were  opened,  it 
reachsd  to  24^  inches.  The  addition  of  another  blowing  tube  over  D 
vrould  most  likely  have  carried  it  to  the  full  height  of  the  barometer.  If 
D  were  inserted  in  a  chimney  in  the  direction  of  the  flue,  it  would  not 
only  increase  the  draft,  but  the  draft  would  increase  the  vacuum. 

The  steam  pipe  that  supplied  D  was  then  unscrewed  fVom  the  cock  £, 
which  was  left  open.  The  cock  C  was  again  opened,  and  the  mercury 
rose  as  before  to  21  inches,  the  air  rushing  through  £  producing  no  effect 
on  the  column  except  rendering  its  surface  slightly  concave.  By  often 
closing  and  opening  the  orifice  of  £  with  tlic  finger,  no  sensible  change  in 
the  vacuum  could  be  perceived. 

After  removing  the  vessel  of  mercury  fi-om  the  bottom  of  the  vacuum 
pipe,  a  piece  of  twine  several  yards  in  length  which  happened  to  be  laying 
on  the  ground  near  by,  was  drawn  into  the  tube  and  discharged  through 
D.  This  was  repeated  sevenil  times.  By  presenting  one  end  near  the 
9nd  of  the  glass  tube,  the  whole  was  almost  instantaneously  drawn  up  and 
thrown  out  by  the  steam,  although  the  vacuum  tube  was  continued  in  a 
horizontal  position  nearly  two  feet  before  it  was  connected  to  the  glass 
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one.     On  applying  a  Tesael  of  sand,  and  another  of  water,  to  the  end  of 
the  tube,  the  contents  of  both  were  raised  and  discharged  in  the  same  way. 

The  vacuum  tube  of  No.  220  was  connected  to  a  soda  fountain,  and  an 
opening  one-sixteenth  of  an  inch  diameter  made  in  the  latter  to  admit  air. 
The  mercury  previous  to  making  this  opening  stood  at  16  inches,  and  it 
still  remained  at  that  height.  1  he  opening  was  next  widened  to  one- 
eighth  of  an  inch,  when  the  mercury  fell  to  12  inches.  The  opecing  was 
then  made  as  large  as  the  bore  of  the  vacuum  tube,  (about  five-sixteenths) 
upon  which  the  mercury  fell  to  six  inches. 

It  is  obvious  that  by  connecting  one  of  these  blowing  instruments  to  an 
air-tight  vessel,  Wiiter  may  be  raised  into  the  latter  by  the  atmosphere,  and 
to  an  elevation  corresponding  with  the  vacuum.  In  one  of  our  earliest 
experiments,  we  attached  a  blowing  tube  to  a  soda  fountain  placed  22  feet 
above  the  surface  of  the  water  in  a  well,  into  which  a  pipe  descendfed  from 
the  upper  part  of  the  fountain.  But  by  arranging  a* series  of  close  vessels 
at  certam  distances  above  each  other,  (according  to  the  extent  of  tlie  vacu- 
um obtained  by  the  apparatus)  water  may  be  raised  in  this  manner  to  any 
elevation — ^the  pressure  of  the  atmosphere  transferring  it  from  one  vessel 
to  another  till  it  arrive  at  the  place  of  discharge,  as  in  Papin*s  plan,  de- 
scribed at  page  447-8.  An  English  patent  was  granted  in  1S39  for  a  very 
elaborate  French  machine  of  this  kind.  See  Civil  Engineer  and  Architect's 
Journal,  vol.  iii,  page  51.  In  December  1840,  an  American  patent  was 
obtained  for  the  same  thing  by  a  French  merchant  of  this  city.  This  gen- 
tleman has  had  one  constructed  from  drawings  sent  from  Paris.  The  re- 
ceiving vessels  were  12  feet  apart.  The  mode  of  applying  the  steam  is 
to  discharge  it  at  the  oriBce  of  the  vacuum  pipe,  over  a  s/zui/l  part  of  the 
periphery,  as  at  A  No.  216.  The  steam  how^^er  does  not  come  in  contact 
with  the  sides  of  the  vacuum  tube,  as  in  the  preceding  figures  No.  217  to 
220,  for  this  tube  does  not  form  one  of  the  walls  of  the  small  steam  cham- 
ber behind  its  orifice — the  chamber  beine  a  separate  part  complete  in  itself, 
and  having  a  semicircular  recess  formeaat  one  side,  into  which  the  va- 
cuum pipe  is  received.  There  is  therefore,  between  the  interior  of  the 
vacuum  tube  and  the  steam  without,  not  only  the  thickness  of  the  metal  of 
which  that  tube  is  fabricated,  but  also  the  thickness  of  the  plate  of  which 
the  steam  chamber  is  made.  Floats  are  arranged  in  the  iriterior  of  the 
receiving  vessels,  so  that  when  oiie  of  the  latter  is  filled  with  water  from 
the  one  below,  the  float  opens  a  valve  to  admit  the  atmosphere  to  press 
the  contents  into  the  vessel  next  above  it. 

There  is  another  mode  of  raising  water  to  considerable  elevations  by  an 
apparatus  like  Nos.  217  and  220,  and  for  which  they  seem  much  better 
adapted  than  any  other,  viz.  by  admitting  portions  of  air  to  mix  with  the 
ascending  liquid,  as  in  the  examples  given  at  pp.  224,  225.  No  air-tight 
receiver  would  then  be  required,  as  both  the  air  and  water  would  l>e  dis- 
charged with  the  steam  at  the  open  end  of  the  blowing  tube,  which,  for 
the  reason  already  stated,  jshoula  be  inclined  downwards. 

Wherever  large  volumes  of  air  are  required  to  be  withdraw^n,  as  in  the 
ventilation  of  mines,  these  in«triiments  we  believe  would  be  found  as  effi- 
cient and  economical  as  any  device  yet  tried.  A  number  of  vecuum  lubes, 
whose  lower  ends  were  made  to  terminate  in  different  parts  of  a  mine-^ 
(they  might  be  of  leather  or  other  flt^xible  materials,  so  as  readily  to  be 
moved  wherever  required )^-and  whose  upper  ones  were  connected  to 
one  or  more  blowing  tubes  through  which  currents  of  steam  were  ^on- 
•tar.tly  passing,  would  effectually  withdraw  the  noxious  vapors  from  below^^ 
and  induce  a  more  copious  supply  of  fresh  air  than  any  forcing  apparatus 
could  ever  furnish.     The  waste  steam  of  engines  at  coal  or  other  minea 
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might  be  beneRcially  applied  to  large  blowing  tubes,  and  thus  contribuie 
to  the  eanie  resulL 

There  are  other  userul  applit.-atiuiia  of  these  blowing  inacrumenta.  On« 
of  our  first  attempts  was  to  employ  them  as  substitutes  for  the  expensive 
air-pumps  worked  by  steam-engines,  employed  in  evaporating  sirups  and 
refining  sugar  by  Howard's  vacaum  plan. 


Nil  SSI.   Afpuntm  Ibr  «n|>ontlnt  n«tddi  la  Tnaot 

We  fitted  up  a  very  8trori#  old  still,  (No.  221)  three  feet  in  diar 

about  thi;  same  in  depth.  A  jacket  of  copper  was  fitted  to  its  lower  part 
so  as  W  form  a  double  bottom.  The  discharging  pipe  passed  through  the 
jacket,  and  was  closed  by  a  valve  V.  Sleam  being  conveyed  into  the 
jacki-t  healed  the  liquid  within  the  slill,  but  instead  of  taking  steam  from 
the  ijoiler  expressly  for  this  purpose,  we  made  use  of  that  by  which  the 
vacuum  was  [iroduced.  The  open  end  of  a  blowing  tube  was  inserted 
into  the  jacket  as  represpnted  in  the  cut,  and  the  vacuum  tube  B  connected 
by  a  cock  t9  the  neck  of  the  still.  C  the  steam  cock  and  pipe  leading  to 
tiie  Ijoiler.  D  a  pipe  that  conveyed  the  surplus  ateam  from  the  jacket 
nto  the  chimney.  The  orifice  of  the  vacuum  pipe  within  the  blowing  one 
wgs  three-eighths  of  an  inch  diameter,  and  ihe  annular  space  around  it  for 
the  passage  of  the  steam  was  the  same  os  in  No.  217.  At  the  firat  trial 
w  llh  this  apparatus,  25  gallons  of  siruji  were  put  into  the  still  through  the 
funnel,  and  the  cock  shut.  The  sleam  cock  C  was  then  opened,  and  in  a 
few  moments  the  mercury  in  the  gauge  rose  15  inches,  bni.  m  eight  minutea 
ffjl  to  10  inches,  the  fall  being  occasioned  by  the  evnlution  of  vapor  in  cho 
Btitl.  The  steam  in  the  boiler  was  raised  higher,  until  the  mercury  rose 
tn  iO  inches  ;  hut  after  the  operation  had  been 'continued  about  half  an 
hour  it  commenced  rising,  ami  was  at  18  inches  when  the  experiment  waa 
closed.  On  another  trial  32  gallons  of  sirup  were  poured  in,  and  when 
O  was  opened  the  mercury  rose  to  S2  inches,  but  in  ten  minutes  fell  to  17. 
In  hair  an  hour  it  began  slowly  to  rise,  and  in  fifteen  minutes  reached  to 
SO  inches,  at  which  height  it  remained  when  the  concentrated  sirup  wu 
Withdrawn. 

Kod  a  double  tube  like  No.  220  been  used,  the  vacuum  might  probably 
liave  l>een  carried  to  28  or  29  inches,  and  the  operation  performed  io  much 
Im*  tune.     The  experimei.t  however  shows  how  small  a  tube  can  with- 
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draw  this  vapor  arising  from  a  surface  of  seven  square  feeL  It  would  bo 
an  advantage  to  apply  two  or  perhaps  three  separate  blowing  tubes,  of 
different  sizes,  to  each  sugar  pan — using  the  largest  first,  to  draw  off  the 
the  bulk  of  the  vapor,  and  finishing  with  the  smaller  ones.  There  would 
be  a  saving  of  steam,  and  the  vacuum  might  be  carried  higher  towards 
the  close  oPan  operation  with  a  very  small  tube  and  current. 

Another  mode  of  using  these  tubes  to  promote  evaporation,  is  to  draw 
air  through  liquids  instead  of  forcing  it  through  them  with  pumps,  as  in 
the  pneumatic  processes  of  concentrating  sirups.  An  open  boiler,  four  feet 
in  diameter,  was  inverted  and  placed  in  another  over  a  fire  and  containing 
sirup :  a  blowing  tube,  the  orifice  of  whose  vacuum  pipe  was  three-fourths 
of  an  inch  diameter,  was  connected  to  the  inverted  vessel,  and  it  drew  so 
much  air  under  the  edges  as  to  cool  the  liquid  to  such  a  degree  that  the 
operation  of  concentration  was  prolonged  to  twice  the  ordinary  time. 

While  engaged  in  making  the  experiments  described  in  this  chapter,  (in 
1835)  and  stimulated  by  the  conviction  that  we  were  the  first  thus  to  apply 
currents  of  steam  for  the  purposes  of  raising  water  and  promoting  the 
evaporation  of  liquids  at  low  temperatures,  &c.  we  were  exceedingly  sur- 
prised to  learn  that  something  of  the  kind  had  been  previously  done,  or 
proposed  to  be  done,  in  France.  As  we  had  made  preparations  to  secure 
the  invention  by  a  patent  here,  and  by  others  in  Europe,  our  experiments 
were  discontinued  with  a  view  to  ascertain  the  particulars  of  the  French 
plan,  that  it  might  be  known  whether  we  were  traveling  on  beaten  ground 
or  not ;  but  to  the  present  time  we  have  not  obtained  any  specific  descrip- 
tion of  it,  nor  do  we  know  whether  it  consisted  of  a  jet  of  steam  discharged 
through  the  centre  of  a  tube,  as  in  Nos.  208,  210,  and  as  applied  to  in- 
crease the  draft  of  chimneys  in  locomotive  carriages,  or  whether  the  jet 
was  directed  over  the  outside  of  a  part  or  l^e  whole  of  the  end  of  the 
vacuum  tube — nor  have  we  learnt  what  degree  of  rarefaction  was  obtained 
We  have  therefore  concluded  to  insert  the  preceding  notice  of  our  labors, 
that  since  we  cannot  claim  priority  in  the  research,  we  ir*ay  be  allowed 
the  credit,  if  any  be  due,  for  our  modes  of  application,  and  the  extent  to 
which  they  carried  the  vacuum  and  are  obviously  capablj  of  carrying  it, 
especially  by  such  devices  as  No.  220. 

The  whole  of  the  devices,  from  the  blowing  tubes  described  in  the  last 
chapter  to  the  apparatus  for  boiling  sugar  in  vacuo  described  in  this,  with 
the  exception  ot  the  patented  plan  of  raising  water  by  a  series  of  vessels 
on  different  levels,  originated  entirely  with  ourselves,  nor  were  we  in- 
debted either  directly  or  remotely  for  so  much  as  a  hint  in  n^aturing  tllem 
to  any  persons  or  writings  whatever;  and  upon  them  we  ha>/e  also  spent 
no  inconsiderable  amount  both  of  time  and  money.  But  as  we  have  on 
several  occasions  shown  that  new  devices,  so  called,  arc  often  old  ones,  it 
IS  but  just  that  we  should  mete  to  ourselves  the  same  measure  which  we 
have  given  to  others.  We  therefore  with  pleasure  record  tl^.e  fact,  that  at 
a  meeting  of  the  Paris  Academy  of  Arts  and  Sciences,  hr  td  in  January, 
1833,  M.  Pellatans  read  a  paper  on  the  dynamic  effects  of  a  jet  of  steazzi, 
of  which  a  notice  (not  a  description  of  the  plan)  was  published  in  an  Eng- 
lish journal,  and  copied  into  the  Journal  of  the  Franklin  Institute  for  March 
of  the  same  year— vol.  x,  2d  series,  p.  195. 

There  is  also  described  in  the  London  Mechanics'  Magazine,  vol.  iii,  p. 
275,  an  experiment  of  a  current  of  air  from  a  bellows  directed  over  the 
orifice  of  an  inverted  glass  funnel,  which  was  placed  in  a  saucer  fil!ed  with 
water.  From  this  (which  we  did  not  see  till  recently)  the  blowing  tubei> 
described  in  the  last  chapter  might,  with  a  little  ingenuity,  have  been 
deduced. 
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CHAPTER    IV 


8«H>iiti5f  ta)»«a>-  Water  Mtily  disturbed— Fores  eeoDomieally  traasmitted  by  tbe  oeeillauon  of  liquid* 
— 'Experiinenu  on  tbe  aaoeDt  of  water  ia  differently  shaped  tubea— -Application  of  one  form  to  liphoua^ 
Movement  fiven  to  apotttiuf  tube*— Tbeae  produce  a  jet  both  by  their  ascent  and  descenl^-luxperinients 
with  plain  conical  tubes — Spontiof  tubes  with  air  pipes  atuched— >Experiments  with  rarions  sixed  tubMS 
— 4)b»ervauons  respecting  their  movements— AdTantages  arisinc  IW»m  inertia— Modes  of  comnianicatinf 
BMiCioa  to  ftpoutiag  tubes— Parposes  for  which  they  are  applicabto    Tbe  SovflleBr. 

There  is  a  simple  mode  of  raising  water  which  to  our  knowledge  ha« 
never  been  adopted,  nor  yet  suggested — viz.  by  straight  and  open  pipes,  or, 
as  they  might  be  named,  sjxmtivg  tubes. 

Water  is  raised  in  the  ram  (No.  168)  by  the  force  which  the  liquid  ac- 
quires in  flowing  through  descending  channels,  but  in  the  instruments  to 
which  we  now  refer,  the  same  effect  is  produced  by  its  momentum  in 
passing  up  vertical  ones.  So  far  as  respects  the  force  of  a  liquid  in  mo- 
tion, it  makes  little  difference  in  what  direction  it  moves— whether  the 
liquid  rise  perpendicularly,  or  having  first  descended  at  one  angle  it  ascend 
at  another.  A  jet  d'eau,  deducting  all  resistances,  rises  with  the  velocity 
with  whirh  it  would  fall  through  the  same  space ;  but  in  practice,  the  ve- 
locity is  diminished  by  the  length,  figure  and  dimensions  of  the  chnnnel 
through  which  the  liquid  flows,  and  of  the  ajutage  from  which  it  escapes. 

Every  person's  experience  teaches  him,  that  a  very  small  force  is  sufH 
cient  to  disturb  a  large  body  of  water,  and  that  the  consequent  movement 
of  the  liquid  is  long  continued  after  the  force  is  withdrawn.  Astonedropt 
into  a  tank,  or  thrown  into  a  pond,  causes  waves  to  rise  and  roll  to  and 
fro  over*  their  whole  surfaces,  and  some  time  elapses  ere  the  movements 
cease.  Days  and  even  weeks  elapse  after  a  storm  is  over  before  the  ocean 
n^covers  its  previous  repose.  This  effect  is  the  result  of  the  great  mobility 
of  water ;  its  particles  move  with  such  extreme  facility  among  themselves, 
and  io  actively  impart  their  motion  to  each  other,  that  a  force  once  com- 
mrnicatod  to  them  is  long  ere  it  becomes  exhausted.  It  is  the  same  to  a 
certain  extent  when  waves  rise  and  fall  within  tubes ;  for  although  the 
friction  of  liquids  against  the  sides  of  these  channels  is  considerable,  espe- 
cially in  fmall  ones,  still  the  force  in  the  central  parts  is  but  slowly  con- 
sumed. A  device  therefore  by  which  the  oscillation  of  liquids  is  employed 
in  transmitting  forces,  will  probably  consume  as  little  in  the  transit  as  any 
mechanical  device  known. 

It  has  already  been  remarked,  that  the  momentum  of  a  flowing  liquid 
suffers  less  in  passing  through  a  short  than  through  a  long  tube — through 
a  straii^iit  than  a  crooked  one ;  and  we  may  add  that  this  is  more  especially 
true  when  the  figure  o^  the  tube  is  expressly  designed  to  facilitate  the 
passage  of  the  moving  liquid,  instead  of  being  uniform  in  its  bore  through- 
out. Now  in  these  particulars  spouting  tubes  are  eminently  superior  to 
others,  or  tlu'y  may  be  made  so.  They  are  short,  straight,  and  of  a  form 
adapted  to  th^  rising  wave  within  them. 

Motion  13  i.jparted  to  water  in  a  spouting  tube  either  by  depr^essing  the 
liquid  belcAV  the  orifice  and  then  admitting  it  to  enter,  or  by  excluding  it 
from  the  tube  till  the  lowpr  orifice  of  the  latter  be  sufficiently  immersed. 
If  a  pipe  whose  lower  end  is  closed  be  plunged  perpendicularly  in  water, 
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ihe  liijuij  will  lite  within  it  the  moment  its  end  is  opened ;  but  It  wiQ 
d(!|teiij  upon  the  length  snd  figure  of  the  tjbe,  and  the  rel&dve  propurtJDa 
ol'  its  two  orifices,  whether  the  liquid  rush  up  above  the  eor&ce  without, 
or  Elifwly  reach  it  and  there  remain. 

The  following  are  seleciod  from  a  number  of  experiments  made  serenl 
.  years  ago.     Instead  of  closing  the  lower  orifice,  the  upper  one  wu  closed 
I  with  die  fore  finger,  the  confined  sir  acting  the  part  of  a  cork,  and  pre 
Tenting  the  liquid  from  entenug  until  the  nnger  was  remoTed. 


H»>K  sn  m  m;     no.      m.  su. 

ExPBR.  I. — No.  233,  a  cylindrical  glass  tube,  18  inches  long  and  half-inch 
oore.  Its  upper  orifice  was  closed  air-tight  by  the  finger,  and  the  lower 
one  then  held  four  inches  under  the  surface  of  the  water  in  the  vessel. 
Upon  raising  the  finger,  the  liquid  rose  in  the  tube  six  inches ;  l  c  iu 
mnmi'nlum  carried  tt  two  inches  higher  than  the  surface  in  the  ciuvrn, 
and  afuir  a  few  oscillations  it  settled  at  the  same  level.  Cylindricil 
tubes  of  various  sixes  were  tried  at  different  depths,  and  the  average  ex- 
tent of  the  rise  (above  the  surface)  was  equal  to  half  the  length  of  *Jie  part 
of  the  tube  immersed  below  the  surface.  If  No.  222  dipped  four  uichei, 
the  rise  was  two — if  eight  inches,  it  was  four — and  if  twelve,  it  was  six. 
By  contracting  either  orifice  the  effect  was  diminished. 

ExpBR.  11. — No,  223,  a  tube  slightly  conical,  16  inches  long,  the  d» 
meter  or  bore  of  the  large  end  half  an  inch,  and  that  of  the  small  «nd  o^ie- 
third  of  an  inch.  The  nse  of  the  liijuid  in  this  exceeded  that  in  No.  2^ 
When  tried  with  the  large  end  up,  little  or  no  rise  took  place. 

ExFBE.  III. — No.  224,  another  tube,  IS  inches  in  length,  the  diameter 
of  whose  upper  orifice  was  three- Nxtee nth s  and  of  the  lower  seven-eighths 
of  an  inch.  Four  and  a  half  inches  of  the  lower  part  was  cylindncaL 
When  dipped  four  inches  in  water  and  the  finger  removed,  the  liquid  rose 
but  two  inches  above  the  surface.  This  was  owing  to  the  cylindncal  form 
of  the  lower  part  of  the  tube,  all  the  water  that  entered  being  required  to 
fill  the  lower  part.  When  the  Jin  was  six  inches,  the  rise  was  five;  when 
eight,  the  jet  passed  out  of  the  mbe  and  ascended  ux teen  inches.  When 
the  tube  was  lowered  to  ten  inclica  below  the  surface,  the  jet  rose  thirty 
inches;  and  when  the  end  of  the  tube  was  twelve  inches  under  the  surface, 
the  jot  ascended  four  feet  and  a  half.     Fourteen  inches  dip  threw  it  six 
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feet,  and  sixteen  inches  dip  caused  it  to  ascend  over  seven  feet.  The  ri^e 
in  cylindrical  tubes,  we  have  seen,  bore  the  same  relation  to  the  dip  at 
various  depths ;  but  this  experiment  shows  that  the  elevation  of  the  jet  in 
conical  tubes  increases  in  a  much  greater  ratio. 

ExPER.  IV.— To  include  the  extreme  proportions  between  the  two  or 
fices,  we  next  took  a  matrass  or  bolt  head  (No.  225)  and  cut  a  portion 
from  the  globe  opposite  the  junction  of  the  neck  or  pipe.  The  opening 
thus  made  was  3j  inches,  and  the  orifice  of  the  tube  three-tenths.  When 
the  lower  end  .was  thrust  two  inches  below  the  surface,  scarcely  any  rise 
took  place  upon  refhoving  the  finger;  and  when  half  the  length  of  the 
whole  was  immersed,  say  ten  inches,  the  rise  did  not  exceed  six  or  seven. 
The  reason  was  plain  :  the  large  volume  of  air  contained  in  the  lower  part 
could  not  be  expelled  instantaneously  by  the  pressure  of  the  liquid  column 
through  the  small  orifice  above,  but  the  force  of  the  ascending  liquid  was 
consumed  in  doing  this.  Various  portions  were  now  cut  from  the  lowt,r 
part,  with  a  view  to  ascertain  the  greatest  rise  that  could  be  obtained  witi 
a  dip  of  four  inches.  This  occurred  when  the  diameter  of  the  lower  end 
was  reduced  to  1}  inches :  the  liquid  then  rose  between  nine  and  ten 
inches  above  the  surface.  The  upper  end  was  now  heated  in  the  flame 
of  a  lamp,  and  the  bore  enlarged  by  pressing  into  it  a  tapered  piece  of 
wood,  till  the  end  resembled  the  conical  ajutage  C  D  in  No.  201.  Thia 
caused  the  liquid  to  rise  an  inch  higher. 

ExPER.  v.-— A  number  of  conical  tubes  of  the  same  length,  (21  inches) 
whose  wide  ends  diverged  or  flared  differently,  were  next  procured,  with 
the  view  of  selecting  those  through  which  the  jet  rose  the  highest,  as 
affording  an  approximation  to  the  best  form.  The  one  represented  at  No. 
226  gave  a  better  result  than  any  other.  Witli  a  dip  of  four  inches  the 
jet  rose  thirteen.  The  diameter  of  its  lower  orifice  was  1.6  inches,  and 
that  of  the  upper  one  A  *  three  inches  below  the  latter,  the  bore  was  .£. 
At  seven  hichos  from  the  smni  end,  the  bore  was  .3— at  fourteen  inches, 
.4— and  at  seventeen  inches,  5.  The  curve  given  to  the  flaring  part  of 
the  lower  end  should  be  that  which  the  fluid  itself  assumes  in  entering , 
but  tha*  given  in  the  figure  is  sufficient  for  all  practical  purposes  to  which 
small  instruments  of  this  kind  are  applicable. 

Before  proceeding  we  may  observe,  that  these  instruments,  simple  as 
they  ar^,  and  even  when  charged  in  the  manner  indicated  above,  are  sus- 
CPptibla  of  some  useful  applications ;  among  which  may  be  named  siphons. 
If  the  tube  No.  226  were  bent  in  the  form  of  one,  it  might  be  applied  in 
numerous  cases  to  transfer  acids  or  other  liquids ;  and  as  it  would  be 
charged  by  the  mere  ace  of  inserting  its  short  leg  into  the  liquid  to  be 
withdniv/T ,  there  could  be  no  danger  from  sucking,  &c.  as  in  using  the 
ordinai'V  instrument.  It  will  moreover  be  perceived  from  the  third  expe- 
riinent,  Jiat  the  extent  to  which  these  siphons  are  applicable  increases 
with  the  depth  to  which  the  short  leg  can  be  immersed  :  but  as  this  chapter 
is  apT^ropriated  to  the  application  of  spouting  tabes  to  raise  water  from 
one  Icvo  and  discharge  it  at  a  higher  one,  their  employment  as  siphons 
win  be  Justrated  in  a  subsequent  part  of  this  volume. 

It  will  at  once  occur  to  every  machinist,  that  to  render  these  tubes  of 
any  practical  value  for  raising  water,  some  mode  of  working  them  very 
ditierent  from  that  of  alternately  opening  and  closing  the  upper  oriflce  w^ith 
die  Lng3r,  and  raising  them  wholly  out  of  and  then  plunging  them  into  tiie 
liquid,  woulo  be  required  :  a  mode  of  regularly  and  rapidly  depressing 
the  liquid  \tthin  them,  that  the  wave  formed  by  its  ascent  might  rise  and 
fau  uniioi'r.<'y. 

There  is  a  simple  way  of  doing  this : — If  the  whole  of  the  tube  No.  227 
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be  sunk  perpendicularly  in  water,  except  one  or  two  inches  bj  wKich  it  is 
lu'ki,  and  then  raised  eig'ht  or  ten  inches,  air  will  enter  the  small  orifice 
and  fill  the  part  previously  occupied  by  the  liquid :  if  the  upward  move- 
ment be  very  slow,  the  air  will  gradually  Bll  the  interior  without  disturbing 
the  surface  of  the  liquid ;  but  if  the  tulie  be  raised  by  a  rapid  movement 
or  sliglit  jerk,  the  air  will  then  rush  into  the  void  with  a  force  that  will 
push  down  the  liquid  before  it  to  a  considerable  depth,'  so  that  on  the  re* 
ascent  of  the  li({uid  its  momenlum  will  project  a  portion  in  the  form  of  a 
jet,  precisely  like  Nos.  2:24,  225  and  2226.  It  is  surprising  how  elevated 
a  wave  is  generated  in  the  tube  by  the  slightest  asceltt  of  the  latter,  pro- 
vided its  movement  be  made  sufficiently  quick.  The  rise  of  the  water, 
too,  follows  that  of  the  tube  so  rapidly  that  mo^t  observers  at  first  suppose 
them  to  rise  simultaneously.  The  fact  Is,  the  liquid  when  depressed  re- 
turns with  such  velocity  as  to  esca|Ye  from  the  tul>e  the  instant  the  stroke 
•s  fintshe<i,  and  even  before  its  motion  be  slackened. 

£xPER.  VI.  A  jet  may  be  produced  by  the  descent  of  the  tube  as  well  as 
^  by  its  ascent.  Let  No.  22S  be  so  held  that  its  lower  end  dip  not  mt»re  than 
an  inch  or  an  inch  and  a  half  in  the  water,  and  then  be  pushed  quickly 
jiOwn  eight  or  ten  inches — a  stream  will  be  projected  from  its' upper  on- 
rce  to  an  elevation  of  six  or  seven  feet,  and  will  be  instantly  fallowed  by 
another  that  will  reach  nearly  as  hi^h.  The  same  cause  o{)e)ates  here  as 
*n  the  upward  movement,  but  it  is  differently  excited.  A  small  part  only 
of  the  air  vvithin  is  expelled  at  the  end  of  the  stroke,  on  account  of  the 
tube*s  rapid  descent,  and  consequently  the  water  is  prevented  from  enter- 
ing ;  but  as  soon  as  this  movement  of  the  tube  ceases,  the  liquid  rushes  in 
and  a  portion  ascends  in  the  form  of  a  jeL  On  the  subsequent  ebb  of  the 
wave  within,  another  one  rises  nearly  equal  to  the  first,  and  causes  the 
second  jet.  The  following  experiment  will  illustrate  both  movements : — 
A  small  glass  tube  eight  inches  long,  its  wide  end  an  inch  and  five-eighths 
diameter  and  its  small  end  one-eighth,  was  employed.  By  its  upward 
movement  or  stroke  the  extremity  of  the  jet  reached  to  an  elevation  of  nine 
feet.  By  the  downward  stroke  a  jet  rose  six  feet,  which  was  succeeded 
by  another  that  reached  four  feet  and  a  half.  Now  if  Inxh  mov<»ments 
are  properly  combined  in  a  spouting  tulie  of  large  dimensions,  we  believe 
the  instrument  may  be  made  to  raise  as  much  water,  in  circurnstances 
adapted  t»»  its  emphiyment,  as  any  other  hydro-pneumatic  machine. 

•  If  the  figure  given  to  Nf).  226  should  be  found  better  adapted  than  any 
other  whnn  the  tube  is  used  as  a  siphon,  it  does  not  therefore  follow  that 
the  same  form  wotiKl  be  the  most  suitable  to  produce  jvts  of  water.  In 
the  former  case  the  instrument  acts  while  at  rest,  but  in  the  latter  a  C4>d- 
stAut  and  rapid  movement  is  required  :  hence,  to  prevent  an  unnecessary 
expenditure  of  the  power  employed,  it  should  be  so  formed  as  ^o  present 
as  little  opposing  surface  to  the  resistance  of  the  dense  fluid  in  which  it 
works  as  is  consistent  with  the  elevaticm,  or  quantity  of  water  to  be  raised 
by  it.  This  remark  applies  particularly  to  the  lower  or  wide  end,  for  if 
that  part  be  suddenly  expanded  or  flared  like  a  trumpet,  a  volume  of  water 
of  equal  diameter  has  to  be  displaced  in  the  reservoir  every  time  tbc  tube 
\8  pushed  down,  and  also  a  ring  of  water  whose  external  diameter  is  the 
same  (the  internal  one  being  bounded  by  the  tube)  every  time  the  latter 
i?  lifted  up.  When  used  as  spouting  tubes  the  lower  end  should  there- 
fore flare  very  little,  if  any,  unless  in  cases  where  the  outlay  of  pcwer  to 
work  them  is  of  little  consequence  or  of  secondary  imp^r'iuioe.  fiio 
upper  end  of  a  spouting  tube,  when  intended  to  throw  jets  from  its  orince* 
bh>'ild  not  diverge  like  that  of  No.  226,  since  the  elevation  t-:'  the  stream 
would  be  thereby  diminished :  instead  of  rising  in  a  compact  jet,  it  would 
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•ooner  become  expanded  and  broken.  When,  however,  oue  of  thcBO 
inatrumenu  is  intentled  to  deliver  water  at  a  level  with  its  upper  nrlfice 
only,  then  the  discharging  orifice  should  resemble  that  of  No.  226,  or  G  D 
in  No.  201,  as  an  increased  discharge  of  the  liquid  would  in  that  case  take 

filace :  a  greater  flow  of  air  would  enter  on  the  aacent  of  the  tube,  and  a 
arger  volume  of  water  flow  out  on  its  return. 
KxpER.   Vll. — A  number   nf  cpnical  tubes,  ten   inches   long,    were 

firepared.  The  diameter  of  the  small  ends  of  all  was  ^  inch,  uhile  the 
BTge  ends  were  respectively  4  inches,  SJ,  3,  2j,  2^,  2^,  2,  1  j,  IJ,  ]^  and 
1;  and  heaides  these,  two  cylindrical  ones  of  ^  inch  and  |  inch  bora. 
With  the  cylindrical  tubes  no  jet  could  be  produced  by  any  movement 
given  to  them,  either  quick  or  alow,  however  deep  lirey  were  immersed  ; 
nor  yet  when  they  were  inclined.  When  the  conical  ones  were  immersed 
hair  ihcir  length,  and  worked  without  plunging  them  deeper,  no  water 
could  bo  I'jcclud  :  the  cause  of  this  however  waa  not  the  same  in  all.  In 
•ix  or  seven  of  thit  lai'gest,  the  parts  below  the  surface  were  too  CHpaciiius 
10  be  Blloil  install tiinHiiiialy  with  air  through  the  small  orifice  above  as  they 
were  raised.  'I'lio  sound  miule  by  the  entering  fluid  (like  a  peraon  gasping 
for  breath)  showed  rhi«,  especially  in  the  largest.  But  in  the  smaller  sizes, 
'  the  air  eiuore<l  a^i  fast  as  they  were  raised,  and  consequently  disturbed  but 
•lightly  the  surface  of  ilie  liquid  wiihin. 

when  any  one  of  them  u  as  jmmersed  within  an  inch  of  the  small  end 
and  then  moved  :wo  c  :  ..ee  inches  up  and  down,  a  jet  was  thrown  out, 
and  from  the  laire  one>  with  considerable  force,  im  account  of  the  greater 
n,ass  of  the  liijiiid  put  in  motion  in  their  lower  part.  Still,  however,  the 
JKt  did  not  rise  sn  iiigh  from  the  large  as  from  some  of  the  smaller  tubes, 
"ecause  the  sidca  of  the  former  converged  s 
or /ice  that  the  licjuid  particles  croaaed  and  co 
iafiuod.  Short  cylindrical  ajutages  soldered 
no  sensible  improvement.     The  disadvantagi 
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of  the  lar_ 
s  of  making  the  lower  parts 
too  wide  or  spacious  for  the 
entering  air  fully  to  occupy, 
was  also  very  apparent  when 
the  tubes  were  raised  five  or 
■ix  inches  in  working  them. 
The  water  within  not  being 
wholly  displaced,  it  hung  in 
them  as  in  an  inverted  tum- 
bler or  bucket,  and  conse- 
I  quently  its  weight  was  add- 
ed to  that  of  the  tube.  This 
not  only  required  an  increase 
of  force,  hut  the  intended 
effect  was  diminished  and  in 
a  e'reat  measure  destroyed, 
me  thing  of  coune 
if  a  smaller  tube  he 
ith  a  large  additional 
its  lower  extremity, 
as  at  No-  229.  To  obviate 
this  by  furnishing  a  larger 
supply  than  would  enter  the 
smaller  orifice,  we  adapted 
an  air  tube  whose  exterior 
nae  coverod  by  a  valve  openin/r  ipwards,  as  shown  in  the  cut     Tho 
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force  required  to  work  the  larger  tubes  was  very  sensible  bat  with  the 
stnHiler  ones  it  was  scarcely  appreciable.  Those  whose  lar]^er  ends  were 
2  inches  and  If  inches  produced  the  highest  jets,  but  they  were  obviously 
too  much  tapered  for  practical  purposes,  and  even  the  sides  of  the  smallest 
one  named,  formed  too  large  an  angle  to  be  applied  with  advantage  at 
great  depths. 

The  tube  No.  230,  two  feet  one  inch  in  length,  was  made  of  dn  plate. 
It  consisted  of  a  conical  piece  22  inches  long,  1^  inches  wide  at  one  end, 
and  2  incb  at  the  other.  To  the  wide  end  a  flaring  piece,  3  inches  lon^ 
and  4  diameter  at  the  lower  edge,  was  added.  This  piece  was  made  of 
sheet  lead  for  the  convenience  of  forming  it.  When  wholly  iramen«ed  in 
water,  except  2  or  3  inches  by  which  it  was  held,  this  tube  threw  a  jet  15 
feet  high.  By  the  upward  stroke  the  jet  rose  12  feet.  When  the  diverg- 
ing ajutage  A  (whose  contracted  part  was  the  same  as  the  orthse  of  the 
tube)  was  8lip{ied  on  the  latter,  the  jet  was  dispersed  before  it  rose  8  feeL 
An  inch  was  cut  off  the  lower  end,  leaving  the  diameter  3  inches,  upon 
which  the  jet  rone  to  about  14  feet.  Another  inch  was  then  removed, 
when  it  rose  still  lower;  yet  it  might  still,  by  a  quick  back  stroke,  be 
thrown  nearly  as  high  as  at  the  firsL  It  would  therefore  seem,  that  al- 
though a  large  flaring  end  requires  more  force  to  raise  it  than  a  small  one, 
yet  the  increased  velocity  required  to  be  given  to  the  downward  &t»'r^p, 
in  order  to  raise  the  jet  to  an  equal  height,  ^comes  to  much  the  same  Uiing. 
There  is  a  way  however  by  which  the  resistance  which  a  large  flaring  ^nd 
meets  with  from  the  water  may  be  avoided  in  the  Uf*ward  stroke,  viz.  by 
enclosing  the  tube  in  an  air-tight  cylindrical  one,  of  the  diameter  of  the 
flaring  end,  as  represented  by  the  dotted  lines  in  No.  230  :  or  the  ii\3tru- 
ment  might  be  inserted  in  a  wooden  tube,  whose  specific  gravity  was 
ahoiit  thH  same  or  rather  less  than  that  of  water. 

No.  231  was  3}  feet  long,  formed  of  copper,  and  of  a  regular  ta.per  to 
within  four  inches  of  its  lower  end.  Its  diameter  at  the  small  end  vf\M 
half  an  inch,  and  at  the  lower  end  3}  inches,  to  which  a  piece  flared  out 
to  six  inches  was  added.  By  an  upward  stroke  of  18  inches,  the  jet  rose 
17  feet ;  and  by  a  downward  stroke  of  one  foot,  it  rose  to  the  same  height. 
(These  measurements,  and  the  others  mentioned,  relate  to  the  extreme 
height  to  which  a  small  part  only  of  the  liquid  rose.  The  main  body  ot 
the  jet  seldom  reached  over  two-thirds  of  the  distance.)  When  the  up- 
ward stroke  was  continued  2 J  feet,  the  rushing  air  pushed  all  the  wausr 
out  of  the  tube,  and  rose  up  on  the  outside. 

ExpBR.  VIII.— We  next  prepared  a  larger  tube,  and  arranged  it  so  as 
to  be  worked  in  a  light  wooden  frame,  which  was  secured  in  a  w:ne  pipe 
filled  with  water.  (See  No.  233.  The  wine  cask  is  omitted.)  This  in- 
strument was  deemed  equal  to  any  that  was  tried — the  quantity  of  water, 
and  the  elevation  to  which  it  was  raised,  being  compared  with  the  force 
employed.  It  should  not,  however,  be  considered  as  exhibiting  anything 
like  the  maximum  effect  which  spt>uting  tubes  arc  capable  of  producing, 
because  the  friction  of  the  liquid*in  passing  through  so  small  an  orifice  as 
that  of  No.  233  was  very  considerable.  The  reader  is  therefore  requested 
to  bear  in  mind,  that  the  larger  the  bore  of  these  tubes,  the  more  favorable 
would  be  the  result ;  and  that,  although  jets  of  water  may  be  thrown  very 
high  by  them,  yet  they  are  better  adapted  to  raise  large  volumes  of  water 
to  small  heights. 

The  tube  No.  233  was  five  feet  long.  It  was  composed  of  one  pieco  4 
feet  4  inches  in  length,  .76  of  an  inch  Jiameter  at  one  end,  and  2.9  inches 
at  the  other.  To  this  end  a  piece  5  inches  long  was  added,  which  madt: 
the  diameter  5,5  inches ;  and  to  this  another  piece  3  inches  long,  which 
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made  the  extreme  end  of  the  tube  7.«5  inches  diameter.  The  tube  as  thus 
formed  was  secured  to  a  straight  Strip  of  wood  of  nearly  the  same  length, 
by  means  of  three  copper  straps,  which  were  soldered  to  the  tube  and 
screwed  to  the  wood.  (See  the  figure.)  About  a  foot  from  each  end,  and 
across  the  back  of  the  strip,  two  pieces  of  wood,  3  inches  Ions;  and  1^ 
wide,  were  secured.  They  pmjected  half  an  inch  over  each  side  of  the 
strip,  and  were  beveled  at  the  ends,  so  as  to  fit  into  and  slide  readily  up 
'ttnd  down  in  a  dovetailed  groove  formed  on  the  face  of  the  post  F  F. 
This  post  was  secured  in  an  inclined  position,  as  represented.  When 
!arge  tubes  are  used  they  should  always  be  inclined,  that  the  water  once 
raised  above  the  orifice  may  not  fall  mto  it  again  and  run  back.  The 
surface  of  the  water  in  the  cask  was  13  inches  below  the  upper  end  of  the 
tube,  and  upon  working  the  latter  the  jet  i^  of  an  inch  diameter)  rose  22 
feet.  A  piece  of  pipe  was  next  slipped  on  the  end,  which  made  the  tube 
a  foot  longer,  and  reduced  the  orifice  to  half  an  inch,  when  the  jet  rose 
little  if  any  higher  than  before.  Another  tapered  piece  of  pipe  was  added 
to  the  leuBt,  making  the  orifice  five-sixteenths  of  an  inch,  upon  which  the 
jet  did  n  >t  ascend  over  six  or  eight  feet.  An  air-pipe,  figured  at  No.  232, 
was  novk  added,  that  the  water  might  be  fully  depressed  in  the  tube  on  its 
ascent,  but  the  jet  was  so  pinched  at  the  orifice  that  no  obvious  change 
was  perceived. 

The  upward  stroke  ought  to  be  so  regulated,  that  the  air  in  rushing 
down  should  push  nearly  all  the  water  out  of  the  tube,  that  the  wave  in 
rising  may  be  urged  up  with  the  full  pressure  of  that  above  it  in  the  re- 
set voir  :  hence  the  elevation  of  the  jet  produced  by  the  upward  stroke  of 
a  spouting  tube  depends  chiefly  upon  the  depth  of  its  immersion.  But  if  ' 
the  upward  movement  exclude  nearly  all  the  water,  the  downward  one 
if  made  with  due  velocity  prevents  it,  or  much  of  it,  from  entering  before 
the  tube  itself  gets  nearly  to  the  end  of  its  stroke,  and  consequently  the 
efTeciive  height  of  the  hydrostatic  column  is  then  increased  to  an  extent' 
equal  to  the  length  of  the  stroke.  On  the  other  hand,  if  the  upward 
movement  be  made  so  quick  that  the  air  has  not  time  to  fill  the  enlarged 
space  below  before  the  stroke  is  finished,  then  little  or  no  rise  will  take 
place.  The  operation  in  this  case  is  the  converse  of  the  experiment  with 
the  .aatrass.  No.  225. 

When  the  movements  of  one  of  these  instruments  are  properly  timed, 
the  inertia  of  the  descending  air  and  ascending  liquid  is  peculiarly  bene 
ficial.  In  ordinary  machines,  where  the  direction  of  moving  masses  is 
reversed,  or  when  they  are  alternately  brought  into  a  state  of  rest  and 
motion,  the  inertia  is  overcome  by  an  outlay  of  the  force  employed  ;  but 
this  is  not  the  case  with  spouting  tubes.  Thus  when  a  tube  is  raised,  the 
air  descends  into  the  vacuity  left  by  the  retiring  liquid,  and  when  its  mo- 
mentum Is  expended,  its  motion  is  continued  by  inertia  alone,  and  conse- 
quently the  water  is  pushed  down  still  further.  Then  again,  on  the  ascent 
of  the  liquid  the  elevation  of  the  jet,  or  the  volume  discharged,  will  be 
increased  if  the  inertia  of  the  rising  wavfe  be  suffered  to  expend  itself 
without  interference  by  an  untimely  movement  of  the  instrument. 

A  reciprocating  rectilinear  movement  might  be  given  to  spouting  tubes 
by  a  spring-pole,  as  in  the  canne  hydratdique.  The  movement,  however, 
should  be  regulated  by  that  of  the  wave.  This  might  be  accomplished  in 
large  tubes  by  connecting  to  the  moving  apparatus  a  heavy  pendulum 
whose  length  could  be  increased  or  diminished  according  to  that  of  the 
stroke. 

If  a  tank  or  reservoir  be  not  sufficiently  deep  for  the  employment  of 
{hese  tubes,  an  opening  of  the  proper  size  and  depth  might  be  made  at 
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tbe  corner  or  ride  In  which  U>  work  theuL  When  water  is  to  be  discharged 
on  a  level  with  the  orifice,  the  upper  part  of  the  tube  should  slide  through 
another  fixed  to  and  standing  above  the  bottom  of  the  receiving  cistern, 
that  the  liquid  when  once  raised  may  not  run  back ;  and,  for  the  same 
reason,  the  tube  should  be  inclined. '  Among  other  uses  to  which  they 
are  applicable  is  that  of  occasionally  watering  or  washing  trees  and 
plants.  In  public  gardens  and  other  places,  where  a  jet  d'eau  cannot 
otherwise  be  conveniently  obtained,  these  instruments  might  be  placed 
in  a  reservoir  and  moved  by  concealed  mechanism,  so  as  to  produce  one ; 
and  although  it  would  consist  of  a  succession  of  jets,  the  movements  might 
be  so  regulated  that  they  would  appear  but  one.  The  motion  of  the  tube 
itself  might  also  be  hid,  by  making  it  play  in  the  interior  of  a  fixed  one, 
above  whose  orifice  it  need  not  protrude.  In  this  manner  the  air  in  ke- 
tones, hospitals,  and  rooms  of  private  dwellings,  might  be  kept  cool,  and, 
by  perfuming  the  water,  rendered  v^ry  agreeable  and  refreshing  in  sultzy 
weather.  In  fact,  at  every  place  where  a  fountain  is  desirable,  a  vase 
and  spouting  tube  might  be  used. 

The  experiments  we  have  given  are  very  imperfect,  but  they  may  serve 
to  excite  tnose  persons  who  have  leisure  and  opportunity  to  pursue  the 
subject.  This  mode  of  raising  water  is  deserving  of  a  rigid  investigadon, 
and  will  amply  repay  all  the  labor  expended  upon  it. 

There  is  a  natural  illustration  of  spouting  tubes  in  the  Saufflmr,  or 
Blower,  on  the  south  side  of  the  Mauritius.  The'  action  of  the  waves  has 
undermined  some  rocks  that  run  out  into  the  sea  from  the  main  land,  and 
has  worn  two  passages  that  open  vertically  upwards.  They  are  i^pre- 
•ented  '*  as  smooth  and  cylindrical  [conical  ?]  as  if  cut  by  a  chisel."  When 
a  heavy  sea  rolls  in,  it  fills  in  an  instant  the  caverns  underneath,  and  finding 
no  other  egress,  a  part  is  forced  up  the  tubes  to  an  elevation  of  sixty  feet 
The  moment  the  waves  recede,  the  vacuum  left  by  them  causes  tbe  wind 
to  rush  into  the  apertures  with  a  noise  that  is  heara  at  a  considerable  dis- 
tance. See  a  description  of  this  phenomenon  in  the  Saturday 
voL.  vt.  p.  77, 
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Nature**  deriee*  for  raiaiDp  waler— Their  influence— More  eommoD  than  other  naiaral  op  )nition»i-* 
The  globe  a  •eir-moviug  hydraulic  engiue— Streama  flowing  oo  ita  furface—Otliert  ejected  rrom  ita 
bowela— Subterraneaa  ciaternt,  tubes  and  •iphon^^lutermittiDg  iiiriiigi — ^Natural  rams  aud  presaure 
aafiiiea— Eruption  of  water  on  the  coaat  of  luly— Water  raised  in  vapor— CloudB— Water  rniaed  by 
ateam— GeyBer»— Earthquahea— VcgeUtion — ^Advautagta  of  studying  it— Erroneous  viewa  of  future  bap 
ptooaa-  -Circulation  of  aap— This  fluid  wonderfully  varied  in  ita  effecta  and  moveineiits-rPitcber  plant 
scd  Peruvian  canea— Treea  of  Australia— Endoamoaia — Waterapouta— AMent  of  liquida  by  capillary 
a*tracUon — ^Tenacity  and  otherpropenieaof  liquids— Aacant  of  liquida  up  inclined  planes — Liquid  dropi 

•Their  unifurui  diffusion  when  not  counteracted  by  gravity— Their  form  aud  aise— 8oA  and  hard 
•altering— Aiiceut  of  water  in  capillary  tubea  limited  only  by  ita  volume— Cobeaiou  of  liquida — Ascent 
of  water  through  sand  and  rags — Rise  of  oil  in  lamp  wicks  and  through  the  porea  of  boxwood 

Before  taking  leave  of  artificial  machines  for  raising  water,  a  few  of  the 
P20st  prominent  of  those  which  nature  employs  may  be  noticed  ;  for,  aftei 
f\]l,  the  best  of  human  contrivances  are  but  imitations  of  hers. 

•The  extent  to  which  raising  of  water  is  carried  by  nature  is  wonderful 
Persons  who  have  not  reflected  on  the  subject  would  hardly  suspect  the 
Influence  which  this  operation  exerts  on  our  globe ;  yet  it  is  one  which 
the  Creator  has  adopted  to  bring  about  results  upon  which  tlie  happiness 
of  all  things  living  depend.  To  the  elevation  of  water  into  the  atmosphere, 
and  its  .eturn  to  the  earth,  the  formation  of  continents  and  islands,  lakes, 
rivers,  lountains,  valleys,  plains,  gravel,  sand,  mould,  &c.  are  due.  The 
fertility  of  soil,  growth  of  vegetables,  and  life  of  animals,  are  also  to  be 
attributed  in  a  greater  or  less  degree  to  the  same  spurce. 

Of  nature's  machinery,  devices  to  raise,  diffuse  and  collect  water  are 
fhe  most  common.  They  pervade  all  her  works — the  most  magnificent 
and  the  most  minute  :  and  if  we  turn  our  thoughts  to  the  world  at  large 
and  contemplate  it  as  a  whole,  we  find  it  performing  the  part  of  an  immense 
hydraLlic  engine,  one  which  never  stops  working,  and  whose  energy  nevei 
^agtf.  Tn  almost  every  point  of  view  this  feature  is  obvious.  In  its  ex- 
terior our  planet  is  rather  aqueous  than  terrene.  Three-fourths  of  its 
Burfacc  are  sunk  into  basins  and  scooped  into  channels  for  the  recef)tion 
and  transmission  of  water ;  more  than  one-half  is  occupied  by  the  ocean, 
the  principal  reservoir;  while  the  other  half  is  intersected  in  every  direc- 
.  tion  by  lakes,  rivers,  and  rivulets  innumerable,  that  convey  the  dispersed 
liquid  back  to  the  sea.  The  motion  imparted  to  water  also  exhibits  every 
degree  of  activity  and  agitation,  from  overwhelming  torrents  and  moun- 
tainous waves,  to  the  gentle  shower  that  descends  as  if  dropt  through  the 
finest  cullender,  and  the  placid  stream  that  glides  imperceptibly  by. 
Sometimes  we  behold  it  running  with  the  speed  of  a  race  horse,  roar- 
ing among  rapids,  leaping  over  precipices  and  darting  down  cataracts — 
here  dashed  into  sprny,  there  churned  into  foam  ;  now  winding  in  eddies 
and  gyrating  in  whirlpools  ;  passing  through  channels  whose  paths  are 
^ortuous  as  those  of  a  serpent,  and  shooting  through  others  stru.t'^ht  as  an 
arrow. 

Open  channels  and  reservoirs  constitute,  however,  but  a  part' of  nature's 
hydraulic  machinery.  In  the  interior  of  the  earth,  are  close  and  air-tight 
reservoirs,  and  tubes  of  everv  imaginable  size  and  figure,  and  of  incon 
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ceivable  strength.  These  receive  and  transmit  liquid  colunnns  wlose 
hydrostatic  pressure  would  shiver  the  strongest  conduits  made  hy  man, 
while  the  volumes  of  water  that  play  within  and  pass  through  them  render 
utterly  insignificant  all  the  products  of  artificial  engines.  We  know  that 
rivers  sometimes  discharge  themselves  into  subterraneous  tubes,  which, 
transporting  the  fluid  to  a  distance,  again  vomits  it  up.  In  this  manner 
water  is  often  conveyed  to  places  where  its  appearance  is  difficult  to 
account  for,  because  of  the  level  of  all  the  neighboring  regions  being 
far  below  the  aperture  of  discharge — this  being  sometimes  oi»  the  summit 
of  mountains,  and  often  at  their  sides. 

But  the  triinsmission  of  water  from  one  level  to  another  through  pipes, 
is  one  of  the  simplest  operations  in  natural  as  it  is  in  artificial  hydraulics. 
The  flexure  of  the  tubes  fabricate<f  by  nature  convert  some  of  them  into 
siphons,  and  these  often  decant  the  contents  of  caverns  in  whicn  wa!pi 
slowly  accumulates.  The  liquid  rises  till  it  flows  over  the  highest  bcml 
in  the  tube,  and  the  siphon  heing  thus  charged  continues  in  operation,  like 
one  of  ours,  until  the  reservoir  ihat  supplies  it  l>e  emptied,  or  the  contents 
reduced  to  a  level  with  the  external  orifice  of  tl»e  discharging  leg.  The 
action  then  ceases  until  the  cavern  be  again  filled  and  the  operation 
renewed.  Hence  intermitting  springs,  and  some  of  those  that  ebb  and 
flow. 

Natural  machines  analogous  to  water-rams,  pressure  engines,  and  foun- 
tair)8  of  compression  are  doubtless  also  in  operation  m  the  bowels  of  the 
earth.  in  the  intricate  and  infinitely  variegated  chasms  and  fissures 
through  which  water  is  falling  and  gases  collecting,  the  principles  of  iheao 
tnacliines  must  necessarily  be  often  excited,  and  on  scales  of  magnitude 
calculated  to  strike  us  with  awe.  It  is  not  improbable  that  some  of  those 
horrible  eruptions  mentioned  in  history  and  others  that  have  occurred  at 
sea  without  human  witnesses  were  effected  by  machinery  of  this  descrip- 
tion. The  subaqueous  eruption  which  occurred  on  the  south-west  coast 
of  Italy,  in  1831,  was  probably  an  example.  A  column  of  water,  800 
yards  in  circumference,  was  forced  to  an  elevation  of  sixty  feet,  and  an 
island  formed  of  the  solid  materials  <lisplaced. 

But  natural  devices  are  not  confined  to  such  as  raise  liquids  by  the  mo- 
mentum they  acquire  in  flowing  through  tubes,  or  oscillating  in  wavea, 
nor  by  the  hydrostatic  pressure  of  one  volume  transmitted  by  means  of 
airs  to  another.  There  are  some  in  which  water  is  raised  by  Bokr  heat 
The  liquid  is  converted  into  steam  or  vapor,  in  which  state  it  is  t'eudcred 
lighter  than  air,  and  consequently  ascends.  This  may  be  consid«?red  %8 
nature's  favorite  plan.  It  is  in  operation  everywhere,  and  always.  Bj  '*'* 
water  is  drawn  from  every  part  of  the  earth's  surface — both  sea  and  land, 
and  by  it  u<:eans  of  the  liquid  are  kept  suspended  ab(»ve  us  in  the  form 
of  clouds,  until  it  ag^in  returns  in  showers  of  rain  and  drifts  of  hail  and 
snow.  Of  the  quantity  thus  elevated,  we  may  form  some  rude  idea  from 
the  calculations  of  Halley  respecting  that  drawn  daily  from  the  surface  of 
the  Mediterranean,  viz.  between  five  and  six  millions  of  tons  !  a  result 
which  he  deduced  from  experimiMits.  Every  per:«on  knows  that  canals 
require  an  extra  8up[»ly  of  water  to  meet  the  expenses  of  evaponidon. 
By  experiments  on  the  canal  of  Languedoc  in  France,  the  annu&i  quan- 
tity thus  borne  off  was  found  to  be  nearly  three  feet  in  depth  over  lu 
whiile  are,!.  Clouds  of  vapor  or  steam  are  often  observed  hanging  ov^i 
marshy  ground,  until  the  wind  rises  and  bt^ars  them  away,  [n  hot  sea- 
sons copious  steams  may  be  seen  ascending  just  after  a  shower ;  but  in 
general  aqueous  vapor  thus  generated,  is  invisible  as  it  is  impalpable. 
In  clear  weather,  we  are  not  sensible  of  its  presence  or  of  its  movements 
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"We  literally  live  in  it,  as  in  the  spray  of  a  fountain,  but  our  perceptions 
are  too  gross  ic-  (detect  it. 

How  simple  is  ^bis  mode  of  raising  water,  and  yet  how  effective  !  How 
silently  doed  it  v/ork,  and  yet  how  sure  !  In  its  liquid  state,  water  is  too 
heavy  to  be  su^'penilsd  in  the  firmament ;  hence  the  Creator  has  made 
this  provision  to  attentate  its  particles  by  heat^  It  then  rises  upwards  of 
its  owr.  acwrd — neitlicr*  wheels  nor  cranks;  pumps,  pistons,  pipes,  nor 
even  power  is  required  to  send  them  up,  or  to  keep  them  there ;  and  yet 
billions  of  tons  are  rising  every  hour,  and  accumulating  in  masses  so 
e^reat  as  to  ba(Rc  language  to  describe  or  thought  to  grasp.  And,  what 
IS  equally  remarkable,  neither  cisterns  are  required  to  contain,  nor  con- 
duits through  whic]  to  convey  them.  Xhe  phenomenon  leaches  us  how 
a  heavier  fluid  may  l)e  suspended  in  a  lighter  one,  and  that  the  proposition 
of  water  beinp  800  times  heavier  than  air,  is  only  conditionally  true- 
depending  merely  upon  the  state  in  which  those  fluids  are  ordinarily 
exhibited  to  us.  To  increase  our  admiration,  the  salt  water  of  the  ocean 
is  during  the  rrocess  of  elevation  distilled  into  fresh,  thus  furnishing 
among  other  suggestions  that  by  which  navigators  have  often  adopted  to 
sustain  life  in  U^.i  extremities  of  thirst. 

Water  is  also  continually  being  converted  into  vapor  and  urged  into 
the  atmosphere  by  subterranean  heat.  Our  planet  may  be  considered, 
as  indeed  it  was  b^  tiie  ancients,  as  a  cauldron,  in  which  steam  is  gene- 
rated by  those  fires  whose  flues  are  volcanos.  Oceans  of  the  liquid  are 
incessantly  but  silently  thrown  up  from  this  cause.  But,  as  might  be 
expected,  from  the  intncotc  arrangement  of  internal  chambers  and  channels 
of  communication,  steam  muse  often  accumulate  in  cavities  until  its  elasticity 
drives  up  the  water  that  seals  the  passage  to  the  surface.  Hence  boiling 
and  thermal  springs,  and  hence  also  the  hot  spouting  springs  of  Iceland. 
According  to  Oiafsen,  a  Danish  traveler,  one  of  the  Geysers  exhibited  a 
Jet  at  one.  time  19  I'cot  In  diameter  and  360  feet  high ! 

Modern  autliors  exphui.  the  phenomenon  of  earthquakes  by  the  accu- 
TDulation  of  steam  in  tlio  liowels  of  the  earth.  Plutarch  says  the  Stoic 
philosophers  did  the  same  ;  but  long  before  Zeno  appeared  the  opinion 
prevailed,  and  caused  the  epithet  "  shaker  of  the  earth"  to  be  given  to 
JNej/iune.  The  mcc^hanicdl  as  well  as  chemical  operations  going  on  within 
the  earth,  are  wondo.-Jal  in  their  nature  and  terrible  in  extent.  Well 
might  mythologists  locate  the  workshops  of  the  gods  there,  and  place  the 
forges  of  Viiican  and  the  Cyclops  at  the  base  of  volcanos. 

Of  contrivances  for  i-aising  liquids,  a^  developed  in  the  organization  of 
animaU,  we  took  some  notice  in  the  second  and  third  books.  Most  if  not 
alt  of  them  may  be  considered  modificutiop.s  of  bellows  and  piston  pumps. 
In  the  vegetable  kingdoHi,  other  devices,  and  such  as  are  based  on  other 
principles,  are  in  active  oporntion.  Tliis  portion  of  creation  exhibits  in  a 
striking  light  the  important  pan  which  dcv)ces  for  raising  water  perform 
in  the  constitution  of  our  globe.  Every  tree  and  every  plant,  irom  the 
towering  cedar  of  ]icr»am»n.  to  the  hyssop  ti.at  springeth  out  of  the  wall, 
from  the  wide-spreading  ba.nyan  to  a  v-li«»r^pT.  ef-iW  or  melon  vine,  is  a 
natural  pump,  through  whos^  *ubes  wn.vr  i»  d*uur«  from  iJie  earth  or 
imbibed  from  the  air. 

Tiiere  is  something  exceedingly  pleasing  and  sublime  in  the  contempla- 
tion of  the  growth  of  vegetables,  the  fi^emnnaticn  of  seeds,  appearance  of 
sprouts,  development  of  stems,  branches,  leaves,  buds,  blossoms,  flowers, 
B'>d  fruits — their  variegated  forms,  dimensions,  movements,  colors,  and 
odors.  Some  persons  who  have  never  turned  their  attention  to  this  subject 
till 'the  evening  of  their  days,  have  be<)n  astonished  at  the  wonders  which 
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burst  on  their  new.  A  new  state  of  existence  seemed  to  open  upon  them. 
Their  perception  and  estimate  of  things  were  changed.  Instt^ad  of  con- 
sidering tfie  world  as  calculated  only  for  what  man  too  generally  makef 
it^^a  scene  for  the  display  and  ^ratiBcation  of  the  mc?t  groTeling  and 
sordid  passions,  they  find  it  a  theatre  qrowded  with  enchanting  specimens 
of  the  Creator's  skill,  the  study  of  which  imparts  the  sweetest  pl:.asure, 
and  the  knowledge  of  which  constitutes  the  greater  wealth. 

Those  pious  but  mistaken  people,  \Mho  incessantly  murmur  against  the 
world,  and  long  to  depart  from  "  this  howling  wilderness,"  as  they  are 
pleased  to  term  it,  reproach  their  Maker  by  reviling  his  work.  They  are 
waiting  for  future  displays  of  his  glory,  and  neglect  those  ravishing  ones 
by  which  they  are  surrounded,  forgetting  that"  the  whd!e  earth  is  full  of 
his  glory" — looking  for  sources  of  pleasui-e  to  come,  and  closing  the-ir 
eyes  on  those  before  them — thirsting  for  the  waters  of  heaven,  and  despis- 
ing the  living  fountains  which  the  Father  of  all  intellects  has  opened  for 
them  on  earth.  They  seem  to  think  happiness  hereafter  will  not  depend 
upon  knowledge,  or  that  knowle<)ge  will  be  acquired  without  effort — a 
kind  of  passive  enjoyment,  independent  of  the  exercise  of  their  intcllcctaal 
or  spiritual  energies.  But  they  have  no  ground  to  hope  for  any  such  thing. 
ResLdoning  from  analogy  and  the  nature  of  mind,  the  happiness  of  spirits 
must  consist  in  being  imbued  with  a  love  of  nature — in  contemplating  the 
wisdom  and  other  attributes  of  the  Deity,  as  they  are  unfolded  in  the  works 
of  creation.  In  what  else  can  it  consist '(  It  is  not  probable  that  human  or 
finite  beings  of  any  class  can  ever  know  God  except  through  the  medium 
of  his  works. 

It  is  admitted  that  the  study  of  nature  is  a  source  of  exquisite  pleasure 
to  intelligent  beings,  and  the  most  refined  one  top  that  tlie  mind  can  con- 
ceive :  it  is  also  one  that  can  never  be  exhausted.  Those  persons,  therefore, 
who  take  no  pleasure  in  examining  the  works  of  creation  here,  are  little 
prepared  to  enter  upon  more  extensive  and  scrutinizing  views  of  them  in 
other  worlds.  Tf  they  have  no  relish  for  an  acquaintance  with  the  Crea- 
tor's works  while  they  live,  they  have  no  right  to  expect  new  tastes  for 
them  after  death.  The  works  of  God  are  all  perfect  /  those  in  this  world 
as  well  as  those  in  others ;  and  he  that  can  look  with  apathy  on  a  tulip 
or  a  rose,  a  passion  flower  or  a  lily,  or  any  other  production  of  a  flower 
garden  or  a  forest,  has  not  begun  to  live.  Besides,  we  are  not  sure  that 
other  worlds  possess  more  captivating  or  more  ennobling  subjects  for 
contemplation  and  research-— >mo re  thrilling  proofs  of  the  wisdom  and 
beneficence  of  God. 

The  circulation  of  sap  (sometimes  called  the  blood  of  plants)  is  one  o' 
the  most  interesting  of  natural  phenomena.  It  is  connected  with  some  of 
the  mo.st  delivchtful  feelincrs  of  our  natum,  and  with  the  activity  and  joyi 
of  tlio  brut'?  creation.  When  ii^ spring;  its  action  commences,  a  sensadon 
of  buoyancy  pervades  all  organized  Soings.  The  earth  begins  to  put  on 
her  ricli<j-'t  nj tire— her  inhabitants  r«»joice  in  her  approaching  nplendor,  and 
exult  in  view  of  tho  feasts  preparing  for  them.  On  ihi*  oiher  hand,  when 
in  autumn  her  frv.-'hdcss  fa«3iMi  nnd  lior  ijlory  withers,  all  feel  the  change. 
How  infiriit**!y  varlea  urc  the  effects  of  «ap  and  the  energry  of  it»  move- 
'mcnts  !  Ru:?:i:Mir  !.o  the  summit  of  the  lulU-st  trees,  and  lingering  a  i.ne 
grass  of  our  meadows— -shooting  up  perpendicularly  in  the  poplar  and 
pine,  horizontally  in  the  branches  of  the  baobab  and  oak,  and  descend- 
ing in  those  of  the  Indian  fig-tree  and  willow.  In  some  plants,  accumu- 
lating chiefly  in  their  roots,  as  in  the  turnip,  radish,  and  potato,  a!M3 
emerging  abo  /e  ground  in  cucumbers  and  melons — ascending  higher  m 
the  bushes  of  currants  and  goosebernes,  and  ranging  over  those  in  apple 
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and  pear  « "ees.  By  what  wonderful  process  is  sap  distilled  into  liquid 
honey  ir.  fhe  maple,  and  into  wine  in  the  grape  ]  How  is  it  elaborated 
into  (Vuite  of  every  flavor,  and  exhaled  in  perfumes  from  sweet  scented 
herbs,  and  in  wka^  manner  does  it  contribute  to  produce  every  imaginable 
color  and  tint  in  Powera  ] 

By  what  means  does  sap  '.>rm  a  natural  vase  in  the  pitcher  plant,  and 
then  enter  it  as  limpid  water,  along  with  rain  and  dew  1  This  singula] 
production  of  the  vegetable  kingdom  collects  water  from  the  earth  and 
atmosphere  in  vessels  of  the  same  consistence  and  color  as  the  leaves 
£ach  pitcher  is  strengthened  by  a  hoop,  and  furnished  with  a  cover  or  lid 
that  turns  on  a  fibrous  hiitge.  When  dew  or  rain  falls,  this  cover  opens , 
and  as  soon  as  the  woather  clears,  it  closes  and  prevents  the  water  that 
entered  z^^^'om  bei'  g  wasted  by  evaporation.  There  are  other  plants  which 
9tore  up  water  much  in  the  same  way.  Such  were  the  reeds  that  relieved 
Alvarado  (one  of  the  conquerors  qf  Peru)  and  his  companions  from  perish- 
ing of  thirst.  Garcilasso,  in  his  Commoiitaries  observes,  *'  The  infor- 
mation they  had  of  tht  water  was  from  the  people  of  the  country,  who 
guided  diem  .:;  the  canes,  some  of  which  contained  six  gallons,  and  some 
more." 

We  know  thaf  tne  ;uices  of  plants  cannot  be  raised  without  force,  and 
liiat  tliis  force  must  be  iitwreased  with  the  elevation  to  which  the  liquid  is 
tjo  he  lifted  Animals  exert  a  muscular  power  in  working  the  pumps 
formed  in  their  bo'lies,  and  these  machines  they  put  in  motion  at  will. 
Thts  is  not  the  case  with  vegetables :  yet  sap,  the  pabulum  of  their  life, 
10  elevated  tQ  t^e  tops  of  the  L'ghest  trees,  and  apparently  with  the  same 
^ciHty  as  it  is  diffused  through  microscopic  plants  That  the  force  by 
which  this  is  done  is  not  latent  or  nepa.tive  in  its  nature,  is  clear,  since  it 
may  easily  be  rendered  manifest.  Cut  a  branch  from  a  vine  in  the  spring 
wlwn  the  sap  is  rising,  and  stretch  a  piece  of  india  rubber  '>ver  the  end 
of  the  part  that  remains,  secure  it  by  thread  wound  round  cne  stump,  so 
as  to  exclude  the  aii  and  prevent  the  wound  from  healing.  In  a  little 
^hile  the  ca<  utchouc  wiU  be  swelled  or  bulged  out  ty  the  exuding 
6nid,  and  it  will  continue  to  swell,  however  thick  it  may  be,  till  it  burst. 
A  few  years  ago  we  treated  in  this  way  some  branches  of  an  Isabella 
grape  vme,  and  afterwards  applied  to  one  of  them  a  close  vessel  contain- 
iTig  nierc'jr  •',  in  wl:ir.h  the  lower  end  of  a  long^  gbss  tube  was  immersed 
wrth  a  view  to'  meHsure  the  force  excited.  In  four  days  the  mercury 
rose  36  inches  in  tLe  tube,  being  pushed  up  by  the  sap  which  took  its 
place  in  the  vessel ;  and  bit  for  an  acci  •  ,nt,  by  which  the  apparatus  was 
oroken,  it  would  probably  have  ascended  still  higher.  * 

But  this  /  rce,  gre^i  as  it  was,  js  small  when  compared  with  that  which 
sends  the  fluid  through  trees  that  grow  on  the  Australian  continent  and 
islands.  Some  of  these  resemble  single  tubes,  and  are  filled  with  a  semi- 
fluid or  soft  pith.  Tasman,  the  discoverer  of  Van  Dieman's  Land,  found 
trees  there  whose  lowest  branches  were  between  60  and  70  feet  above  the 
ffround.  The  French  expedition  sent  in  search  of  the  lamented  Perouse, 
found  on  Cocoa  island  a  tree  nearly  100  feet  high,  and  only  tJiree  inches 
in  diametei  It  was  of  so  hard  a  texture,  that  it  resisted  at  first  the 
heaviest  blows  of  an  axe ;  and  when  the  pith  was  taken  out,  the  thick- 
ness of  the  wood  did  not  exceed,  ys  of  an  inch — forming  a  perfect  tube. 
But  this  ""ree  was  only  half  the  height  of  some  others  in  the  same  regions; 
for  several  were  seen  whose  diameters  were  only  seven  or  eight  inches, 
and  whose  tops  towered  upwards  of  200  feet  above  the  earth  !  The  ibrce 
that  drives  sap  to  such  elevations  is  wonderful  indeed  ;  and  couM  it  be 
applied  as  a  mechanical  agent,  it  would  be  resistless  as  steam,     a  might 
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be  supposed  that  a  force  so  energeUc^-one  that  would  rupture  pipes 
which  convey  water  to  our  dwellings — would  rend  asunder  most  of  the 
delicate  pores  through  which  it  circulates ;  and  so  it  would  were  not  their 
diameter  so  exceedingly  small — for  the  strength  of  tubes  increases  as  their 
bore  is  diminished. 

The  ascent  of  sap  has  been  explained  byJ^iM^mMf,  or  transit  of  bodies 
through  pores.  See  two  interesting  papers  on  this  subject  in  the  Journal 
of  the  Franklin  Institute,  vols,  xvii  and  xviii,  by  J.  W.  Draper,  now  Pro£ 
of  Chemistry  in  the  New- York  University. 

Water  Spouts  constitute  a  peculiar  class  of  nature's  contrivances  for 
raising  water.  Electricity  is  supposed  to  have  a  controlling  influence  in 
their  formation  ;  but  the  mode  by  which  it  acts  is  not  clearly  understood. 
More  water  is  draum  up  by  them  within  the  same  space  of  iime  than  by 
any  other  natural  device.  The  liquid  appears  to  be  borne  up  the  vortex 
mechanically  as  solid  substances  are  raised  by  whirlwinds,  except  that 
it  is  broken  by  masses  of  air  rushing  into  and  mixuig  with  it.  After 
arriving  at  the  top  of  the  spout,  it  is  dispersed  by  lateral  currents  of  wind. 
A  drop  of  water  suspended  from  the  conductor  of  an  electrifying  niachine 
is  supposed  to  exhibit  a  nuniature  water  spout.  When  a  vessel  of  water 
is  placed  under  it,  ahd  the  machine  put  in  operation,  the  drop  assumes 
the  various  appearances  of  a  spout  in  its  rise,  form,  and  mode  of  disap- 
pearance. Clouds  act  as  cisterns  in  holding  water  raised  by  evaporation ; 
but  in  water  spouts  they  perform  a  more  singular  part,  since  they  are 
moulded  into  visible  pipes,  through  which  volumes  of  liquid  are  conveyed 
as  securely  as  through  those  made  of  solid  materials. 

Although  the  rise  of  sap  in  trees  is  attributed  to  endosmosis,  there  % 
reason  to  believe  that  capillary  attraction  takes  part  in  the  process,  u 
well  as  1  a  thousand  other  operations  of  nature.  When  one  end  of  a 
small  glass  tube  is  placed  in  water,  the  liquid  rises  within  it ;  and  the 
height  to  wh^ch  it  ascends  in  different  tubes,  is  inversely  as  their  diame 
ters.  The  r.hciiomenon  is  more  or  less  common  to  all  liquids  when  the 
tubes  dip  pea  in  them  are  mode  of  such  materials  as  they  readily  unite 
with.  This  condition  is  necessary,  otherwise  the  liquid  would  be  de- 
pressed. Water  rises  higher  than  other  liquids  in  glass  tubes ;  and  as 
these  instruments  are  transparent,  they  are  always  adopted  in  experiments 
on  this  subject. 

The  phenomenon  of  capillanty  has  exercised  the  ingenuity  and  learn- 
ing of  the  most  eminent  philosophers,  and  various  are  the  causes  to  which 
they  have  attributed  it.  Some  supposed  the  atmospheric  pressure  less 
within  the  'tubes  than  without.  Others  imagined  an  unknown  fluid  cir- 
culating through  them  that  bore  the  I'quid  up;  and  some  ascribed  it  to 
moisture  on  the  inside  of  the  tubes.  An  attractive  force  existing  between 
the  glass  and  the  water  is  now^more  generally  admitted;  and  hence  in 
tubes  of  very  small  bore,  it  is  said,  the  glass  being  nearer  the  water,  at- 
tracts it  more  powerfully,  i.  e.  raises  it  higher— oth- "^  writers  think  the 
effect  is  due  to  electricity.  The  subject  is  admitted  to  be  an  intricate  one, 
and  the  manner  in  which  it  has  been  handled  by  scientihc  men,  has  not 
rendered  it  very  accessible  to  ordinary  readers.  Without  looking  for 
ultimate  causes,  the  phenomenon,  like  that  of  an  increased  discharge, 
through  diverging  ajutages,  may  be  traced  to  the  relative  properties  of 
the  liquid  and  the  material  of  the  tube,  and  to  the  force  with  which 
particles  of  liquids  cohere  among  themselves. 

Capillary  attraction  is  exhibited  in  a  great  variety  of  forms.  Particles 
of  water,  like  those  of  all  other  liquids,  require  some  force  to  separats 
them.     A  needle  or  film  of  lead  while  dry,  wi(    float;  and  myriads  of 
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srnats  career  on  the  surface  of  a  pond  as  securely  as  on  land.  Some 
liquids  are  viscid,  and  may  be  drawn  into  threads ;  and  even  Water  may 
be  stretched  into  sheets  ere  its  substance  be  broken :  bubbles  produced 
during  rains,  and  those  pellicles  sometimes  formed  over  the  mouths  of 
small  vials  and  the  interstices  of  sieves  are  examples.  Water,  moreover, 
in  common  with  other  fluids,  unites  with  some  substances  more  readily 
than  with  others.  It  does  not  combine  with  oils,  nor  adhere  to  substances 
impregnated  with  grease.  Hence  umbrellas  and  water-proof  dresses  are 
made  of  oiled  silk ;  and  rain  rolls  oflTthe  backs  of  ducks  and  other  aquatic 
birds  without  wetting  them,  because  these  fowls  dress  their  feathers  with 
an  unctuous  fluid  which  their  bodies  secrete. 

When  a  vessel  contains  a  liquid  that  readily  unites  with  it,  the  liquid 
stands  highest  at  the  edges.  Thus  in  cups  of  tea  or  tumblers  of  water, 
the  fluid  climbs  up  against  the  sides  until  it  is  considerably  elevated  above 
the  general  level.  1  his  is  observable  with  milk  in  a  pot,  pitch  in  a  caul- 
dron, oil  in  cans,  mercury  in  vessels  lined  with  an  amalgam ;  melted  tin 
in  tinned  iron  or  copper  vessels,  and  fused  brass  in  an  iron  ladle  whose 
interior  has  been  coated  with  the  alloy,  as  in  the  process  of  hard  soldering. 
If,  on  the  other  hand,  a  liquid  has  no  aflinity  for,  or  will  not  unite  with 
the  substance  of  which  the  vessel  is  made,  an  eflect  the  reverse  is  pro- 
duced ;  that  is,  the  liquid  is  depressed  at  the  sides,  as  when  mercury  is 
contained  in  a  vessel  of  glass,  wood,  or  earthen  ware ;  or  even  'r»i  c.nc;  of 
metal  not  lined  with  an  amalgam,  or  with  which  the  mercury  catini .,  form 
one.  The  same  thing  occurs  to  fused  brass,  or  lead  or  tin  in  crucibles,  to 
water  in  greasy  tubes  or  dishes,  &c. 

%  The  same  thing,  in  another  form,  occurs  with  drops  of  liquid.  'WTien 
water  is  sprinkled  on  a  greasy  surface,  the  particles  remain  separate  how- 
ever near  to  each  other.  By  blowing  against  them,  they  may  be  rolled 
over  the  plate  on  which  they  rest  without  leaving  any  portion  behind  ; 
but  if  the  substance  on  which  they  are  dropped  combine  readily  with 
moisture  their  figure  is  changed ;  each  becomes  flattened  by  spreading, 
so  that  two  adjacent  drops  quickly  run  together.  A  drop  of  oil  or  speck 
of  grease  nakes  a  large  siA*n  on  a  lady's  dress  or  a  marble  table.  Quick- 
silver will  not  unite  with  marble,  but  a  small  portion  dropped  on  a  sheet 
of  tin  will  spread  over  it  like  water  on  damp  paper.  A  portion  of  tin- 
nr  ?n's  solder  kept  in  fusion  on  clean  plates  of  tin  or  lead  spreads,  apd  is 
absorbed  in  like  manner.  When  ink  :s  spilt  upon  unsized  paper,  the  lat- 
ter is  stained  to  a  considerable  extent :  round  each  drop  a  broad  ring  of 
moisture  is  formed ;  tlie  darker  and  ^^rosser  particles  remaining  as  a 
nucleus  in  rlic  centre. 

Ihe  different  y?/rm<  wliicli  drops  assume  when  pendent  from  solid 
bodies,  are  governed  by  the  parts  with  which  they  are  in  contact.  When 
wator  is  sprmkled  o.i  a  plate  partly  covered  with  grease,  those  particles 
that  fWn  on  the  clean  parts  resemble  very  flat  dcgment^  of  spheres,  while 
those  on  th6  greased  parts  arc  larger  portions  of  smaller  spheres ;  the 
liquid  in  these  sweihng  out  abov«>  the  base  on  which  ''hpy  rest,  in  pre 
ference  to  extending  itself  like  the  others  upon  it  xs  .'..-op  hanging  from 
the  point  of  a  wire  is  elongated  vertically— if  held  between  the  finger 
and  thumb,  it  may  be  stretched  out  horizontaily.  If  suspended  in  a  ring, 
its  upper  surface  becomes  hollow  end  its  lower  one  convex,  forming  a 
speoes  of  liquid  cup,  and  supported  soniewhat  like  the  dishes  which  che- 
mists hang  over  lamps  in  moveable  rings  of  brass.  A  drop  of  liquid  in  a 
capillary  tube  is  thus  supported  ;  the  tube  being  nothing  more  than  a 
deep  ring 

The  guaTUUy  of  liquid  contained  in  pendent  drops  varies  with  the 
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extent  of  surface  in  contact  with  the  supporting  body.  When  one  is  ready 
to  fall  from  an  inclined  object,  as  the  bottom  of  a  bucket  or  a  tea  cup,  it 
may  be  retained  by  making  the  bottom  approach  nearer  to  a  level ;  the 
fluid  then  spreads  and  holds  by  a  larger  surface.  This  is  illustrated  in 
the  case  of  metals :  tin-plate  workers  commonly  take  up  solder  on  the 
face  of  their  irons.  The  under  sides  of  these  instruments  are  tinned, 
and  being  placed  upon  the  metal,  a  larger  or  smaller  portion  is  melted 
and  borne  off  at  pleasure.  An  equal  quantity  of  water  may  probably  be 
thus  suspended  from  a  plane  surface,  as  within  a  cylinder  of  the  same 
area. 

Numerous  facts  show,  that  when  not  palled  down  by  gravity,  liquids 
diffuse  themselves  uniformly  on  substances  with  which  they  combine— as 
much  upwards  as  downwards.  Small  drops  of  water  or  ink  dashed 
against  vertical  sheets  of  paper  equally  extend  themselves  from  the 
centre.  We  are  so  much  in  the  habit  of  contemplating  fluids  in  masses, 
where  gravitation  greatly  preponderates,  'that  we  overlook  this  property 
in  them,  or  do  not  suspect  its  existence.  The  observation  that  water 
never  runs  "up  hill"  is  proverbial,  but  it  is  not  correcL  Examples  might 
be  quoted,  in  which  it  prefers  to  ascend  an  inclined  plane  to  going  down 
one-— to  rise  in  a  wet  channel,  than  descend  in  a  dry  one.  Take  a  dry 
piece  of  glass,  or  china,  the  blade  of  a  knife,  or  the  bottom  of  a  saucer,  or 
almost  any  solid  material,  and  dampen  or  slightly  wet  a  part  of  it :  place 
a  drop  of  ink  or  water  near  the  edge  of  the  wetted  part,  then  incline  thcf 
saucer  so  that, the  drop  may  be  beneath,  and  make  a  channel  of  com 
munication  between  them,  by  drawing  with  a  pointed  instrument  a  smal 
streak  of  fluid  from  one  to  the  other.  The  instant  this  is  done,  a  cur 
rent  will  set  up  with  considerable  velocity  from  the  drop  into  *he  thin 
nheet  above. 

This  effect  takes  place  on  wood  and  on  metals,  and  even  paper.  Pen- 
men,  who  have  their  paper  inclined  towards  them  often  witness  the 
experiment  in  anothei  form,  especially  when  they  make  the  bottom  of 
their  strokes  thicker  than  the  rest  The  ink  may  then  be  seen  to  ascend 
from  the  bottom  upon  the  removal  of  the  pen.  This  takes  place  if  the 
paper  be  held  vertically.  Again,  when  a  large  drop  of  ink  falls  on  a 
book,  it  is  customary  to  shake  out  that  which  remains  in  the  pen,  and  to 
place  the  latter  over  the  drop  as  in  the  act  of  writing ;  upon  which  a  Isrge 
portion  of  the  liquid  enters  the  quill.  This  is  then  shaken,  and  the  opera- 
tion renewed.  Here  the  principle  of  distribution  again  appears.  There 
is  a  surplus  below,  and  a  deficiency  (or  less  aepth  of  it)  above,  and  the 
liquid  ascends  to  produce  an  equilibrium.  Were  the  pen  fully  charged 
with  ink  before  applied  to  the  drop,  it  could  take  none  from  the  leitter. 

Other  examples  of  the  ascent  of  liquids,  and  even  of  solids  against 
gravity  are  familiar  to  some  classes  of  mechanics,  but  not  to  all.  When 
two  sheets  of  tin  plate  are  soldered  together  in  an  inclined  position,  small 
pieces  of  solder  laid  near  the  lower  edge  of  the  joint  arc  drawn  up  under 
the  face  of  the  iron  as  soon  as  the  fused  mass  touches  them.  Illustrations 
of  this  occur  in  whatever  position  the  joint  may  be.  They  are  sdll  more 
common  in  hard  tMering^  for  copper  and  silversmiths  commonly  charge 
their  joints  on  the  outside,  so  that  the  solder  is  below  or  next  to  the  fire 
when  fused. 

These  experiments  are  all  Laaed  on  the  same  principles  as  the  ascent 
of  water  in  capillary  tubes.  We  see  that  when  a  mass  of  liquid  (wholly 
resting  on  a  plane  surface  or  enclosed  in  a  cylinder)  is  connected  by  a 
short  channel  to  a  thin  sheet  of  the  same  substance  above,  a  part  of  The 
mass  below  will  ascend.     The  channel  it  should  be  remembered  i«  a  fluid 
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one,  fop  neither  water  nor  any  other  liquid  will  thus  rise  except  in  channels 
of  the  same  subslance  as  themselves.  The  effect  does  not  therefore  uppcar 
to  be  due  wholly  to  the  material  that  sustains  the  liquid,  bur,  to  some  ox- 
lent,  to  that  force  by  which  particles  of  matter  congregate  with  their  kind 
in  preference  to  mingling  with  others.  The  aqueous  vapor  floating  in  the 
atmosphere  moistens  more  or  less  the  surfaces  of  all  bodies.  Glass  tidies 
are  coated  with  it;  but  if  a  capillary  tube  previous  to  its  use  was  not  thus 
prepared,  it  becomes  so  the  instant  one  end  is  immersed  in  water — a 
stream  of  vapor  (though  not  obvious  to  sight)  then  passes  through  it :  the 
whole  interior  is  thus  coated  with  aqueous  moieculae  accumulating  upon 
it  at  insensible  distances  from  each  other,  and  those  adjacent  to  the  surface 
of  the  liquid  operate  to  solicit  its  ascent  through  the  channel  thus  prepared  ^ 
for  iL  The  ascent  of  vapor  under  these  circumstances  is  unlimited,  but 
tliat  of  a  liquid  column  is  soon  arrested.  This  however  does  not  prove  that 
tlie  force  excited  is  insufficient  to  raise  liquids  to  great  elevations,  but  rhaV 
it  is  the  volume  which  determines  the  height.  If  the  quantity  be  indefi- 
nitely small  it  will  be  raised  indefinitely  high.  Experiments  so  far  as 
they  have  been  made  prove  this ;  but  as  the  finest  of  artificial  tubes  are, 
when  compared  to  nature's,  as  a  mast  is  to  a  needle  or  a  cable  to  a  thread, 
the  ascent  of  liqnids  in  them  must  necessarily  be  very  limited.  As  long 
as  the  liquid  column  can  be  sustained  by  adhesion  to  the  sides  of  a  tube 
it  will  riae,  but  when  the  weight  of  the  central  parts  (which  not  bt^ing 
attached  to  the  tube  are  sustained  by  cohesion  alone)  exceeds  this  force, 
the  ascent  ceases. 

The  force  with  which  particles  of  some  fluids  cohere  is  so  energetic 
that  they  present  the  singular  spectacle  of  liquid  rods,  pendent  like  icicles 
or  stalactites.  When  one  of  these  rods  is  broken  an  interesting  contest 
oetween  g^vitation  and  cohesion  takes  place,  during  which  the  figure  of 
the  pendent  changes  as  one  or  the  other  of  those  forces  prevails  :  it 
becomes  longer  while  the  first  predominates,  shorter  when  the  latter 
controls,  and  stationary  when  both  are  balanced.  These  phenomena  may 
be  observed  by  letting  a  drop  of  molasses  fall  from  the  point  of  a  knife 
or  a  spoon.  The  globule  descends  to  a  considerable  distance  before  it  is 
wholly  separated  from  the  portion  above,  because  a  rod  of  the  liquid 
continues  to  be  formed^ that  unites  them.  When  this  rod  breaks,  the  part 
suspended  from  the  mass  above  is  drawn  up  :  a  t'hread  over  a  foot  in  length 
is  sometimes  thus  contracted  to  less  than  \  of  an  inch,  strongly  remind 
ing  one  of  the  elasticity  of  caoutchouc. 

Water  rises  to  considerable  heights  through  sand  and  other  porous 
bodies — also  through  rags  and  tlireads  of  cotton,  &c.  Oil  ascends  in  the 
wicks  of  lamps.  Capillary  siphons  formed  of  cotton  wick  are  employed 
to  supply  oil  to  the  journals  and  working  parts  of  machinery.  It  is  cus- 
tomary with  stereotype  founders  to  oil  the  faces  of  engraved  wooden  blocks 
previous  to  taking  casts  from  them.  These  blocks  are  of  box,  a  species 
of  wood  whose  texture  is  exceedingly  close.  We  have  often  placed  some 
of  those  used  in  the  illustration  of  this  work  on  receiving  them  from  the 
engraver,  into  a  dish  containing  oil  to  the  depth  of  J  inch,  and  have  wit- 
nessed the  appearance  of  the  liquid  at  the  top  wit  Inn  half  a  minute,  and 
frequently  in  a  quarter  of  one.  Unlike  water  in  glass  tubes,  the  oil  here 
rises  entirely  out  of  the  tubes  in  the  wood  and  collects  in  globules  over  the 
orifices. 

From  the  infinite  variety  and  importance  of  devices  for  raising  liquids 
that  are  at  work  in  the  animal  and  vegetable  kingdoms  and  in  general 
nature,  the  wisdom  displayed  in  their  formation  and  movements,  and  their 
wonderful  effects,  it  would  seem  as  if  the  Creator  designed  particularly 
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to  call  man*!  mttention  to  this  deparanent  of  knowledge,  and  to  ind  loe 
him  to  cultivate  it 

Sourcei  of  hydraulic  contrirances  and  of  mechanical  movements  are 
endless  in  nature  ;  and  if  machinists  would  but  study  in  her  school,  she 
would  lead  them  to  the  adoption  of  the  best  principles,  and  the  most 
suitable  modifications  of  them  in  every  possible  contingency.  . 
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The  iiphon,  or  as  it  is  sometimes  named  the  crane,  is  in  its  simplest 
form  merely  a  tube  bent  so  as  to  resemble  an  inverted  letter  U  or  V;  and 
is  employed  to  transfer  liquids  from  one  level  to  a  lower  one,  in  circum- 
stances whore  natural  or  artificial  obstructions  prevent  a  straight  pipe 
from  being  used  ;  as  when  rocks  or  rising  grounds  intervene  between  a 
spring  and  the  place  where  the  water  is  required,  or  when  the  contents 
of  casks  and  other  vessels  are  to  be  withdrawn  without  making  openings 
for  the  purpose  in  their  bottom  or  sides.  Thus  farmers  occasionally  have 
water  conveyed  over  hills  to  supply  their  barn-yards  and  dwellings  ;  and 
portable  siphons  are  in  constant  requisition  with  oil  and  liquor  merchants^ 
chemists  and  distillers.  The  two  branches  of  a  tube  that  constitute  s 
siphon  are  commonly  of  unequal  lengths,  and  named  legs  ;  the  "  short"  or 
receiving  leg,  and  the  '*  long"  or  discharging  one.  The  highest  part  where 
the  legs  are  united  is  known  as  the  apex  or  bend. 

As  liquids  are  raised  in  siphons  by  atmospheric  pressure,  the  perpen- 
dicular length  of  the  short  leg»  like  the  suction  pipe  of  a  pump,  should 
never  exceed  25  or  28  feet  To  put  siphons  in  operation,  the  air  whhin 
them  must  be  first  expelled.  Small  ones  are  sometimes  inverted  and 
filled  with  a  portion  of  the  fluid  to  be  decanted,  but  more  frequently  the 
liquid  is  drawn  through  the  tube  by  sucking.  Other  devices  for  charging 
them  will  be  noticed  farther  on. 

The  action  of  a  siphon  does  not  depend  upon  any  inequality  '>f  atmo- 
spheric pressure,  as  some  writers  on  natural  philosopny  have  inadc^ertenthr 
intimated.  In  one  popular  work«  it  is  said,  '*  the  pressure  of  the  air  is 
more  diminished  /'  and  in  anotner,  more  "  weakened  or  sbated**  over  the 
discharging  than  over  the  receiving  orifice;  whereas,  philosophically 
speaking,  the  reverse  is  the  faci :  -for  as  the  discharging  end  is  nearer  the 
•arthy  a  deeper  ani  consequently  heavier  column  of  atmosphere  rests  over 
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It  than  over  the  other.  Nor  does  the  effect  depend  upon  any  difference 
>n  the  actual  len^hs  of  the  legs,  for  they  are  often  in  this  respect  .the 
same;  and  sometimes  the  receiving  one  is  much  longer  (in  an  obliqjo 
direction)  than  the  other — not  yet  does  their  comparative  diameters  ccm- 
tribute  to  the  results ;  for  the  short  one  may  be  much  more  capacious 
than  the  long  one.  It  is  the  difference  in  the  perpendicular  length  of  the 
liquid  cohtmm  within  the  legs  that  causes  a  siphon  to  act :  the  column  in  the 

discharging  leg  must  exceed  in  this  respect  that  contained 
in  the  receivinc^  one,  or  no  action  can  take  place.  By 
examining  the  hgure  in  the  margin,  it  will  be  perceived 
that  the  column  in.  the  receiving  leg  extends  only  from  the 
surface  of  the  liquid  in  the  vessel  to  the  bend,  whereas  in 
the  other  it  extends  from  the  bend  to  the  orifice.  As  the 
pressure  of  fluids  is  as  their  depth  without  regard  to  their 
volume,  the  hydrostatic  equilibrium  of  the  two  columns  is 
destroyed,  when  the  longer  one  necessarily  preponderates, 
upon  which  the  vacuity  left  in  the  upper  part  of  the  tube 
is  filled,  by  the  atmosphere  driving  fresh  portions  up  the 
No.«4.         other  leg. 

But  siphons  could  not  act  at  all  were  it  not  for  that 
property  of  fluids  by  which  their  particles  cling  to  each  other.  The  tena- 
city of  liquliis  may  be  considered  like  that  of  solids,  only  less  intense ; 
and  thus  it  is  when  water  flows  through  a  siphon,  the  descending  particles 
actually  drag  down  those  above  them,  somewhat  like  a  chain  or  rope 
une(]Uii.lly  suspended  over  a  pulley ,  when  the  longer  end  pulls  the  shorter 
one  after  it.  A  siphon  is  in  fact  a  contrivance  by  which  liquid  chains  or 
ropes  are  thus  made  to  act.  But  for  the  cohesion  of  liquids  the  contents 
of  the  discharging  leg  would  drop  out  like  sand,  and  no  further  effect 
would  follow — tKe  rope  would  be  broken,  and  the  separated  parts  fall 
asut.der.  The  influence  of  cohesion  in  the  action  of  siphons  is  proved  by 
the  fact  that  very  short  ones  continue  to  operate  when  removed  into  a 
vacuum.^ 

The  tenacity,  or  what  might  almost  be  called  the  malleability  of  liquids, 
18  beautifully  exemplified  in  soap  bubbles.  These  yield  to  impressions 
without  breaking.  They  fall  on  and  rebound  from  the  floor  like  bladders 
or  balls  of  india  rubber.  They  shake  in  the  wind,  and  their  figures  be- 
come altered  like  that  of  balloons  tossed  to  and  fro  in  the  air :  all  this  they 
often  endure  before  their  shells  are  broken  by  evaporation. 

Siphons  ape  exceedingly  diversified  in  their  forms,  materials  and  uses. 
They  are  made  of  cylindrical  and  other  shaped  tubes,  and  both  of  uniform 
and  irregular  bore.  The  legs  of  some  are  parallel,  while  in  others  they 
meet  at  every  angle— sometimes  straight  and  often  crooked — one  may  be 
larger  than  the  other,  or  both  may  be  alike  ;  they  also  may  be  separate, 
one  loosely  slipping  into  or  over  the  other.  Instead  of  tubes  siphons  are 
sometimes  formed  by  an  arrangement  of  plates,  and  also  by  a  combination 
of  vases.  This  plastic  property  has  occasioned  their  concealment  in  more 
various  forms  than  Proteus  ever  assumed.  Siphons  are  made  of  tin,  cop- 
per, iron,  silver,  glass,  lead,  earthenware,  leather,  wood,  canes;  and 
(capillary  ones)  of  paper,  strips  of  cloth,  threads  of  cotton,  &c.  Examples 
of  their  various  forms  and  applications  will  be  found  noticed  in  the  follow- 
ing historical  sketch. 

The  origin  of  siphons  like  that  of  pumps  is  lost  in  antiquity.     Seme 

*  For  informatioii  on  the  action  of  lipboim  in  vacuo,  see  Boyle'i  Wc:^9.  by  8haw, 
vol.  ii.  446.  Htitonr  and  Memoirs  of  the  French  Academy,  traiislaled  by  Maiuh  and 
Cbamben,  vo'  iv  S&4 ;  and  DeM^uiien  Exper.  Philoii.  vol.  ii.  168. 
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writer*  of  the  last  century  uttribiited  them  to  Cteaibroa,  (ae*  ptge  268,) 
because  they  were  used  in  some  of  hit  water-clocks,  and  no  earlier  app..- 
cadon  of  them  wag  then  known.  For  the  same  reason  tlie  invenduT.  .f 
toothed  wheels  has  been  erroneously  asciibed  to  him.  All  the  infornia- 
tion  extant  respecting  the  ancient  nations  of  the  East  ia  exceedinglj 
limiceil,  while  of  their  arts  and  iletaUs  of  their  mechanism  we  know  nent 
to  niitliing.  The  grealer  part  of  our  ordinary  machines  cannot  be  traca<l 
to  a  itiglier  source  than  Greece,  but  Gieece  itself  was  colonized  by  Egyp- 
tians ;  and  however  much  the  children  of  Cadmus  may  have  refined  oa 
some  departments  of  [he  useful  arts,  the  general  mechanism  of  iheir 
ancestors  is  believed  to  have  passed  through  their  hands  t'j  those  of  't* 
Romans,  and  from  the  latter  to  us  with  little  alteration.  This  was  oer- 
tainly  the  case  with  tbeir  hydraulic  and  hydro- pneumatic  devices.  The 
siphon  is  an  exnmple.  The  name  of  this  instrument  is  uken  from  a  G7,;ek 
word,  which  signifies  simply  a  [iihe  ',  but  it  has  been  ascertained  that  the 
word  is  of  a  remoter— of  an  oriental  origin,  being  derived  from  tipk  or 
#/^  to  imbibe  or  draw  up  with  the  breath,  and  whence  comes  our  expres- 
sion to  tip.  Now  if  it  can  be  proved  that  the  aiphon  was  in  use,  and  wis 
charged  by  sucking  before  the  times  of  Grecian  history,  we  may  safely 
conclude  thai  a  more  ancient  people  furnished  the  Greeks  with  both  tli 

The  researchfls  of  Rosellini  and  Wilkinson  have  settled  this  poinL 
These  gentlemen  have  brought  to  light  irresistible  evidence  that  siphons 
were  used  in  Egypt  at  least  as  early  as  1450  years  before  Christ,  In  a 
tomb  at  Thelwa,  which  bears  the  name  of  Amunoph  II,  who  reigned  at 
the  period  just  nnmed,  they  are  delineated,  and  in  a  manner  too  disrnct 
to  admit  of  any  doubts.  See  No.  235.  Several  jars  are  represented 
upon  a  frame  or  stand.  Into  three  of  them  siphons  are  inserted  ;  two 
apparently  in  operation,  and  a  man  is  in  the  act  of  charging  the  other  by 
sucking  :  the  contents  of  the  jars  being  trwiif«rred  into  a  large  vase  sup- 
ported upon  an  ornamental  stand. 


"wtr- 


,    Eiyi>(lUMpk«iu,l4W,B.a 


Mr.  Wilkinson  siipposes  that  siphons  were  invented  m  Egypt,  snd  «ere 
used  to  decant  the  Nde  water  from  one  vessel  to  uiotfaer.  He  says  it  is 
necessary  to  let  this  water  statid  for  some  time  before  being  used,  that  the 
mud  DUspended  in  it  may  settle  to  the  bottom.  On  this  accnant  vaaes 
containing  it  cannot  bo  moved  witiiout  rendering  it  again  turbid,  and  the 
tame  effact  is  produced  by  dipping  j  hence  the  use  of  siphons.     The  con- 
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jecture  may  be  correct,  but  it  does  not  derive  much  support  from  t??R 
use  of  those  instruments  figured  at  No.  235 ;  for  unless  there  was  som;^ 
contrivance  to  prevent  the  ends  of  the  siphons  from  going  too  near  tb»i 
bottom  of  the  Jars,  scarcely  any  thing  would  more  effectually  disturb  an<i 
draw  off  the  sediment  with  the  wateh  The  tubes  were  obviously  of 
some  flexible  material,  and  from  the  manner  in  which  they  are  held^  it 
would  be  impossible  for  the  person  using  them  to  regulate  by  hand  the 
depth  to  which  the  short  legs  were  immersed.  Moreover,  another  indi^ 
vidua!  (omitted  in  our  illustration)  is  represented  pouring  a  liquid  into 
one  of  the  jars,  an  operation  that  would  effectually  disturb  the  sediment. 

Instead  of  Water,  jars  so  small  probably  contained  tmnes,  and  the  artist 
designed  to  exhibit  the  mode  o£  mixing  them  ;  a  common  practice  of  old, 
and  one  referred  to- in  several  parts  of  the  scriptures.  The  Egyptians 
were  much  given  to  luxurious  living,  and  especially  with  regard  to  wine, 
a  fact  which  the  sculptures  corroborate,  for  scenes  of  gross  excess,  and  in 
females  too,  are  portrayed.  The  Jews  we  know  carried  with  them  into 
Palestine  not  only  the  arts  }>ut  many  of  the  worst  habits  of  the  Egyptians, 
and  the  excessive  indulgence  of  mixed  wines  was  one.  "Woe  unto  them 
that  are  mighty  to  drink  wine,  and  men  of  strength  to  mingle  strong 
drink."  Isaiah  v,  22.  **  She  hath  mingled  her  wine,  she  hath  also  furnished 
her  table."  Prov.  ix,  2.  "  They  that  tarry  long  at  the  wine,  they  that 
go  to  seek  mixed  wine."     Ibid  xxiii,  30. 

Other  examples  of  the  early  use  of  siphons  are  met  with.  In  the  tomb 
of  Remeses  III.  who  flourished  1235  B.  C,  is  a  re  present  adon  of  an 
Egyptian  kitchen,  with  the  various  operations  of  slaying  animals,  cutting 
up  the  joints  and  preparing  them  for  cooking — kneading  dough  with  the 
feet,  and  paste  with  the  hands — making  cakes  and  confectionary,  &c. — 
Of  kitchen  furniture,  there  are  tables,  jars,  plates,  cauldrons,  bellows, 
ovens,  molds,  pestle  and  mortar,  knives,  baskets,  &c.,  and  suspended 
on  ropes  or  rods,  a  number  of  siphons ;  showing  evidently  that  those 
in^trviments  were  in  constant  requisition.  See  No.  236.  These  were 
prr.bably  adapted  for  jars  of  certain  depths,  unlike  those  in  the  preceding 
figure,  which  seem  to  have  been  appropriated  to  different  sized  vessels, 
and  their  shape  altered  as  occasions  might  require. 

How  singular  that  these  philosophical  instruments  should  have  been 
more  common  before  the  siege  of  Troy  than  at  the  present  day !  And 
how  precious  are  those  monumental  records  that  have  preserved  this  and 
other  facts  of  the  kind  ! 

The  circumstance  of  siphons  having  been  used  in  Egypt  at  so  early  a 
period  may  be  deemed  conclusive  that  other  nations  were  not  ignorant  of 
th3m.  With  Egypt,  all  the  famous  people  of  antiquity  maiuiained  an 
intercourse  ;  and  enterprising  men  flocked  from  all  parts  to  acquire  a 
knowledge  of  the  arts  and  sciences  that  were  cultivated  on  the  hanks  of 
tlie  Nile.  Their  neighbours,  the  Jews,  as  a  matter  of  course,  were  ac- 
quainted with  siphons,  and  there  is  probably  a  reference  to  them  in  John 
ii.  "  Jesus  saith  unto  them,  fill  the  water  pois  with  water.  And  they 
filled  them  to  the  brim.  And  he  said  unto  them,  draw  out  now  and  bear 
unto  the  governor  of  the  feast,  and  they  bare  it."  How  did  they  draw 
this  liquid  1  Certainly  not  by  inclining  the  jars  and  pourivg  it  out;  nor 
yet  does  it  appear  to  have  been  done  by  dijfpitig :  for  as  the  large  pots 
were  rilled  to  the  very  brim,  this  would  have  caused  the  liquid  to  over- 
flow. It  is  more  reasonable  to  suppose  that  small  siphons  were  used  on 
the  occasion,  and  that  they  were  charged  by  sucking,  as  represented  in 
No.  235.  This  and  this  only  clearly  accounts  for  the  fact  that  those  who 
drew  the  liquid  were  first  aware,  as  they  must  have  been,  of  the  change  it 
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bail  undergone.  This  change  doe*  not  seem  to  hare  affncted  cfae  oolor, 
&IT  not  till  he  tatted  of  it  wa«  the  presiding  officer  himself  aenuble  of  ita 
being  wine.  "  When  ihe  ruler  of  the  feast  bad  ta*Ud  the  water  that  wu 
made  wine,"  he  "  knew  not  whence  it  was,  but  the  aerranta  that  drew  the 


No.  2'i&  probably  was  designed  to  represent  one  of  PkaTvoh'a  bn'.Vri 
engaged  in  that  part  of  his  duty  which  required  him  U>  draw  and  m.'x  tna 
king's  drink-  Such  olficera  formed  part  of  large  aitahlishmeDta  eTQ:>riJ 
the  ancients,  and  so  they  do  in  modem  times.  Switxer,  speaking  of  --rian 
siphons  obaerres,  "  the  insinuacion  of  air  Is  such  that  wine  will  not  alwayi 
keep  on  its  regular  ascent,  without  (he  butler  puts  hia  mouth,  sometiincs  to 
it.  to  give  it  a  new  suction." 

One  of  the  modes  by  which  Ctesibius  applied  siphons  to  depsydis, 
will  be  found  figured  in  a  subsequent  chapter. 

Were  the  ola  philosophers  of  Egypt  acquainled  with  the  principle  oo 
which  the  siphon  acts  1  Doubtless  they  were,  else  they  could  never  hava 
diversified  its  form  and  adapted  it  with  such  admirable  ingenuity  to  the 
great  variety  of  purposes  both  open  and  concealed,  which  we  know  they 
d'd.  In  connection  with  hydromancy  it  was  made  to  play  an  important 
parL  Magical  goblets  were  often  nothing  else  than  modificauons  of  siphons; 
and  fniin  the  Spiritalia  we  learn  that  they  formed  the  basis  of  more  com- 
plex and  imposing  apparatus.  The  tricks  connected  with  the  glasa  tomb 
of  Belus,  and  the  miraculous  vases  in  the  temple  of  Bacchus  probably 
depended  upon  siphons  ;  and  most  writers  on  the  vocal  statue  of  Memnoa 
have  introduced  them  as  essential  parts  of  the  supposed  machinery  ;  init- 
taling  in  this  respect  the  apparatus  described  by  Heron  for  producing 
mystf  rinus  sounds  I'rnm  the  figures  of  men.  birds,  &c. 

Hernn  is  mom  diffuse  on  the  subject  of  siphons  than  any  other  writer. 
Upwards  of  twenty  problems  in  his  Spiritalia  relate  to  or  are  illustrraled 
by  them  ;  and  from  him  we  learn  that  these  instruments  were  in  his  lime 
employed  on  a  large  scale  in  draining  and  irrigatingjand,  via.  by  transfer- 
ling  water  over  hills  from  one  valley  to  another.  This  use  of  the  siphon 
was  prol>ubly  quite  as  common  under  the  Pharaaha  as  under  the  Ptolemies; 
for  Heron  does  not  intimate  that  it  was  novel  in  hia  ttme  any  more  than 
the  instrument  itaelf. 


The  above  Rgurea  are  illustrationa  of  the  first,  second,  third,  and  thirtielh 
problem*  of  Heron's  work 


Chftp.  6.]  Li^pMs  ^difereni  Specific  QravkUw.  519 

No.  237  (the  first  figure  in  the  Spiritalia)  represents  an  ordinary  siphon 
resting  over  the  handle  of  a  vase,  within  whicn  the  short  leg  is  insertecL 
This  instrument  was  charged  by  sucking,  as  the  more  ancient  ones  in  the 
Usf  cut. 

No.  238  exhibits  another  form  of  the  siphon,  consisting  of  two  straight 
and  separate  tubes,  the  smaller  one  of  which  is  inserted  through  the  bot-  . 
tom  of  the  covered  vase,  and  reaches  as  high  within  it  as  the  liquid  is 
required  to  stand.  Over  this  tube  another  one  is  slipped  whose  upper 
end  is  closed  air-tight.  Hence  it  is  obvious  that  when  the  liquid  is  higher 
than  the  orifice  of  the  inner  tube  which  forms  the  long  leg,  it  will  aseeod 
between  the  tubes  and  continue  to  be  discharged  as  in  the  common  siphon, 
until  the  surface  descends  below  the  lower  end  of  the  outer  tube,  or  short 
leg.  Here  the  liquid  is  discharged  from  the  bottom  of  the  vessel,  not 
over  its  rim  as  in  the  preceding  figure.  The  siphon  admits  of  a  great 
variety  of  modifications,  some  of  which  in  the  hands  of  ancient  jugglers 
contributed  not  a  little  to  amaze  the  ignorant.  The  contents  of  the  large 
vases,  often  permanently  fixed  in  temples,  could  and  doubtless  often  were 
secretlv  emptied  by  contrivances  of  this  kind ;  the  siphons  of  course  being 
concealed  in  the  ornaments,  handles,  or  other  adjuncts.  The  six  vessels 
of  wine  placfsd  daily  in  the  temple  of  Bel,  which  the  priests  clandestinely 
emptied  every  night,  might  have  been  more  neatly  robbed  of  their  contents 
bv  concealed  siphons,  than  by  entering  through  a  secret  passage  under  the 
altar ;  but  as  the  abstraction  of  the  more  solid  food  which  the  priests  pre- 
tended was  consumed  every  day  by  the  brazen  deity,  (forty  sheep  and 
twelve  measures  of  floor,)  required  some  jcontrivance  like  the  latter ;  the 
vases  were  emptied  at  the  same  time.  [Story  of  Bel  and  the  Dragon.] 
The  romantic  account  by  Herodotus  of  the  robbery  of  Rhampsinitus'  trea- 
sury, shows  to  what  extent  the  system  of  secret  passages  was  cfarried,  and 
the  ingenuity  with  which  they  were  made  and  concealed. 

The  velocity  with  which  water  flows  from  an  ordinary  siphon  necessarily 
diminishes  as  the  surface  in  the  reservoir  falls.  In  some  cases  a  uniform 
discharge  is  desirable.  No.  239  shows  how  ancient  engineers  accomplished 
this.  A  float  or  hollow  dish  was  attached  to  the  end  of  the  short  leg,  so 
that  the  instrument  descended  with  the  water.  The  long  leg  was  passed 
loosely  through  two  openings  in  projecting  pieces  that  preserved  it  in  the 
proper  position. 

1  he  difference  in  the  specific  gravity  of  liquids  was  a  fruitful  source 
of  deception.  Many  eapital  tricks  were  based  upon  it,  especially  when 
the  lighter  fluids  employed  were  of  the  same  color  as  those  on  which  they 
reposed.  If  for  example,  a  vessel  containsd  oil,  wine  and  water,  these 
liquids  oould  be  discharged  by  a  siphon  like  t^o.  239  in  the  same  order ; 
and  by  secretly  raising  or  lowering  an  ordinary  one,  or  the  moveable  tube 
in  No.  238,  any  one  liquid  could  be  drawn  off.  Fresh  water  being  lighter 
than  salt  is  oflen  found  some  distance  at  sea;  and  sailors,  like  old  jugglers,r 
can  draw  up  either,  according  to  the  depth  to  which  their  buckets  are 
immersed.  Four  miles  from  the  moutn  of  the  Mississippi  the  fresh  water 
L  ibout  two  feet  deep,  and  at  ten  miles  it  may  be  obtained  by  careful 
dipping. 

in  problem  XXX  of  the  Spiritalia,  Heron  shows  how  siphons  may  be 
concealed  within  the  figures  of  oxen  or  other  animals  in  the  act  of  drink- 
ing ;  the  orifice  of  the  short  leg  being  at  the  mouth,  and  that  of  the  long 
one  in  one  of  the  feet  See  No.  240.  When  the  bore  of  the  siphon  le 
properly  adjusted  to  the  quantity  of  water  %'v  r.g  mtc  a  basin,  the 
wiH  ap|ie«ir>  to  drink  the  whole. 
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Tlie  {ottomng  repreaent »  number  of  Tantalus'  cupi,  magic  goblMa,  tea. 
In  No.  241,  the  long  leg  of  che  liphon  puses  through  the  boa<Hn  of  tka 
vessel,  and  the  short  one  remsins  aouve ;  so  that  when  the  liipriii  rins 
•rer  the  bend,  it  will  be  discharged  by  the  siphon  into  the  cavit7  beloT. 


T)eTtces  of  this  kind  admit  of  numerous  modifications  hj  which  the  tnfae 
may  be  concealed.  When  it  is  enclosed  within  the  figure  of  a  man,  ^ihe 
water  entering  at  one  fuot  slightly  raised,  and  passing  out  thnrog^i  the 
other,)  the  vessel  is  named  n  Tantaha'  cup.  and  the  liquid  instead  of  enter- 
ing the  mouth,  as  in  No.  240,  only  rises  to  the  chin,  and  then  runs  away^— 
illustrating  the  classical  fable,  which  represents  Tantalus  suffering  the 
tortures  of  thirst  in  the  midst  of  water  that  reached  to  his  lips,  hut  which 
on  his  attempting  to  taste  sunk  below  his  reach  ;  hence  the  origin  of  nor 
vord  lanlalixe,  and  its  relatives. 

Nast,  snff'riDf  (risToai  tOTuMnti,  I  baheld 

TiintalDa  :  in  a  pool  ha  nioixl,  hia  chin 

WsJh'd  by  tha  wave ;  ihini  parch'd  be  SMm'd.  bat  roonii 

Noilcht  to  Bsiuaga  his  thini ;  for  when  he  bow'd 

H»  noary  bead,  ardenl  to  (|nifr.  the  Bond 

VsDish'd  ebiMirti'd,  and  at  hia  Teet,  sdiMI 

Tbe  toil  ■pp«sr'd,  dried  imtsnl,  by  ib«  fods. 

Oij*.  x>.     CMftr. 

It  is  supposed  the  fable  was  intended  to  illustrate  the  iafluence  of  ava- 
rice, by  which  raisers  in  the  midst  of  plenty  of^n  deny  thetttselvea  the 
necessaries  and  comforts  of  life. 

Sometimes  the  tiJe*  and  bottom  of  Tantalus'  cups  are  made  hollow  and 
the  siphon  formed  within  them.  No.  243  is  one  of  these.  An  examina- 
tion of  it  will  sudS  ::ently  explain  the  construction.  A  small  opening  near 
the  bottom  'which  may  easily  be  concealed)  communicates  with  a  passage 
formed  by  a  [tardtion.  above  the  top  of  which  the  liquid  mnst  rise  befera 
it  can  pass  Jswn  the  other  side  into  the  base  of  the  cup. 

In  No.  343  the  siphon  is  formed  within  the  handle.  The  short  leg 
communicates  with  the  lower  part  of  the  cup  at  the  swell,  so  as  not  e«Mly 
to  be  detected,  and  the  long  one  with  the  cavi^  formed  below.  Ths 
figure  represents  a  Tantalus'  rap  in  our  possession. 

A  liquid  is  retained  in  one  of  these  as  in  an  ordinary  goblet,  so  long  as 
the  surface  does  not  reach  above  che  bsgbest  part  of  the  siphon  ;  but  if 
tbe  cup  be  once  incliied  so  as  to  set  tbe  tatter  in  operation,  the  cnnteiMs 
irill  gradually  be  traiisterred  *o  tbe  hollow  befe,  and  this  wbcther  tbe 
Tassel  be  replaced  in  mi  upright  position  or  not.     Thus  tankards  ban 
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been  so  contrived  that  the  act  of  applying  them  to  the  lips  charged  the 
siphon,  and  the  liquid  instead  of  entering  tne  mouth  then  passed  through 
an  illegal  passage  into  the  cavity  formed  for  its  receprion  below.  By 
making  the  capacity  o^  the  siphon  sufficiently  large,  a  person  ignorant  of 
the  device  would  find  it  a  difficult  matter  even  to  taste  the  contents  how- 
ever thirsty  he  might  be.  Tn  the  dark  ages,  simple  people  would  naturally 
on  such  occasions  give  credit  to  legends  respecting  mischievous  demons 
loving  beer  and  taking  these  opportunities  to  get  it.  Dishonest  publicans 
whose  sign-boards  announced  "  entertainment  for  man  and  beast,"  are 
said  to  have  occasionally  thus  despoiled  travelers  of  a  portion  of  their  ale 
or  mead,  as  well  as  their  horses  of  feed.  Oats  were  put  into  a  perforated 
manger,  and  a  large  part  forced  through  the  openings  into  a  receptable 
below,  by  the  movements  of  the  hungry  animal's  mouth. 

Martial  the  Roman  poet  refers  to  tricks  of  ancient  publicans,  and  what 
will  surprise  some  readers,  he  complains  of  having  had  wine  foisted  on 
him  instead  of  water.  Ravenna  was  originally  built  like  Venice  on  piles, 
and  was  a  sea-port,  though  now  several  miles  inland.  Water  has  always 
been  extremely  scarce  at  this  city,  and  probably  was  more  so  formerly 
than  at  present.  In  the  poet's  time  it  seems  to  have  brought  a  higher 
price  than  inferior  kinds  of  wine.     Hence  his  complaint : 

By  a  Ravenno  vintner  once  betray'd, 

So  much  for  wine  and  water  iiiix'd  I  paid; 

But  when  1  thought  the  purchau'd  liquor  mine. 

The  rascal  fobbed  me  ofTwith  wine.        L.  iii,  Ep.  57.    Addison. 

No.  244,  a  magical  pitcher,  from  the  eighth  problem  of  the  SpiritaKa. 
The  siphon  is  not  employed,  but  the  device  is  allied  to  the  preceding 
ones.  A  horizontal  partition  or  diaphragm  perforated  with  minute  holes 
divides  the  vessel  into  two  parts.  *  The  handle  is  hollow  and  air-tight, 
and  at  the  place  where  its  lower  end  is  connected  to  the  pitcher,  a  tube 
j'loceeds  from  it  and  reaches  nearly  to  the  bottom.  At  the  upper  part  of 
t^ie  handle  a  small  hole  is  drilled,  where  the  thumb  or  finger  can  readily  • 
cover  it.  It  should  be  disguised  by  some  neighboring  ornament  or  scroll. 
Jf  this  pitcher  be  half  filled  with  water  and  inverted,  the  liquid  would  be 
retaineu  as  long  as  the  small  hole  in  the  handle  was  closed— being  sus- 
pended as  in  the  atmospheric  sprinkling  pot,  No.  69  and  70,  and  in  Tutia's 
sieve.  No.  74.  If  the  lower  part  be  filled  with  water  and  the  upper  with 
wine,  the  liquids  will  not  mix  as  lon^  as  the  small  hole  in  the  handle  is 
closed  ;  the  wine  can  then  either  be  drunk  or  poured  out.  If  the  hole  be 
left  some  time  open,  a  mixture  of  both  liquors  will  be  discharged.  With 
a  vessel  of  this  kind,^says  an  old  writer,  **  You  may  welcome  unbidden 
guests.  Having  the  lower  part  already  filled  with  water,  call  to  your  ser- 
vant to  fill  your  pot  with  wine  ;  then  you  may  drink  unto  your  guest, 
drinking  up  all  the  wine  :  when  he  takes  the  pitcher  thinking  to  pledge 
you  in  the  same,  and  finding  the  contrary,  will  happily  stay  away  until 
he  be  invitee?.,  fearing  that  his  next  presumption  might  more  sharply  be 
rewarded." 

/.  r.tlier  old  way  of  getting  rid  of  an  unwelcome  visiter,  was  by  offering 
hiin  wine  in  a  cup  resembling  No.  245.  The  sides  were  double,  and  an 
air-tight  cavity  formed  between  them.  When  the  vessel  was  filled,  some 
of  the  li'juid  entered  the  cavity  and  compressed  the  air  within  ;  so  that 
wher.  the  cup  was  inclined  to  the  lips  and  partly  emptied,  the  pressure 
b<{ii.g  diininUhed,  the  air  expanded,  and  drove  part  of  the  contents  in  the 
face  of  the  drinkrr.  Porta,  in  his  Natural  Magic,  (Eng.  translation,  1058,) 
meiilions  several  similar  devices,  but  they  are  all  to  be  found  in  one  ibrm 
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or  anotli«r  in  the  Spinl&Iift,  One  gublet  wu  to  ctntnTed  lltit  "  no  nuD 
eta  drink  out  of  it  out  he  who  knows  Lhe  ut."  The  liquid  w»a  tnipended 
in  cftvitie*  and  difcharged  by  admimng  or  excluding  air  through  lecret 
openinga.  AnoUier  one  "  for  making  sport  with  them  that  Mt  u  uble  with 
ui,"  a  cup  into  which  wine  waa  poured  in  the  preaencB  of  the  dxinker,  bat 
who  could  derive  frum  it  nothing  but  water,  Kc 

The  necromancers  of  the  Tartars  and  Cathayant,  [Chineae,]  tayt 
PuTchu,  "  are  exceeding!;  expert  in  their  diveLiah  ait.  They  c&uae  t^ 
the  bottles  in  the  halt  of  the  great  Uom  doe  fill  the  bowla  [cups]  of  their  own 
accord,  which  siso  without  man's  help  pass  tan  paces  through  the  ayre  into 
the  hands  of  the  great  kkan  ;  and  when  he  hath  drunke,  in  like  sort  they 
nturne  to  their  place."  The  cups  were  doubdess  filled  and  moreil  by 
•ome  ingenious  device;  but  this  being  concealed,  the  whole  was  ofcoanv 
miraculous. 

Among  the  antiquities  of  Lunenburg  was  a  magical  goblet  or  ewer, 
"  une  aieui^re  dans  laquelle  il  y  a  wt  teorel  kj/drauli^tit."  (I>e  Curieux 
Antiquaire,  a  Leide,  1729,  lom  li,  495.) 

From  the  dme  of  Heron  up  to  ihe  16th  and  17th  centuries  little  specino 
inlbrmatian  respecting  siphons  is  to  be  met  with.  They  were  of  coune 
known  to  the  Komana.  Sir  Wm.  Oell  supposes  some  modification  of  them 
was  employed  in  connecting  the  large  boilers  in  which  water  was  healnd 
for  the  public  baths.  It  appears  from  discoveries  made  in  Pompeii  that 
these  vessels  were  closed  on  all  sides  and  bore  some  resemblance  to  the 
bodies  of  modern  stills ;  and  that  to  economize  the  heat,  three  of  thesB 
were  placed  upon  each  other.  The  lowest  one  in  contact  with  the  fire 
WU  the  largest  and  named  "  the  caldarium,  that  above  it  the  tepidarium, 
and  the  uppermost  which  was  supplied  with  cold  water  directly  from  the 
i-oir  the  frigid     *  '    ' 


aqueduct  or  other  reservoir  the  frigidarium  ;  and  they  were  so  contrived, 
by  means  of  something  of  the  nature  of  a  siphon,  that  when  the  wuer  of 
the  lowest  was  drawn  off  for  the  bath,  an  equal  quantity  descended  simul- 
taneously from  tbe  second  to  the  lowest  cauldron,  and  from  the  uppermost 
to  the  second."  Julius  Pollux,  who  lived  in  the  second  century,  informs 
ns  that  siphons  were  used  for  tasting  wine.  They  are  also  referred  to  by 
other  ancient  writers,  but  as  several  iostruinents  were  designated  by  the 
same  name,  it  is  difScult  to  determine  with  precision  what  ponicular  one 
was,  in  every  case,  intended.  It  is  very  probable,  from  the  remark  of 
Pollux,  which  is  corroborated  by  the  illustration  No.  235,  that  siphons 
were  employed  by  ancient  vwAmts  and  private  gentlemen  for  decautlsj 
wine,  just  as  the  same  classes  use  them  at  this  day. 
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The  earliest  modem  figures  of  siphons  that  we  have  met  with  an  in  &• 
Oorman  translstion  of  Vegetius,  SrBttrt,  lAU.     Tho  aboro  figutaa,  Nn 
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246  and  247  are  copies.  Both  are  designed  to  show  the  application  of 
these  instruments  for  transferring  large  quantities  of  water  over  rising 
grounds,  as  mentioned  by  Heron.  No.  246  is  formed  entirely  of  wooden 
planks  strongly  nailed  together.  The  upper  ends  of  the  two  trunks  or 
pipes  are  united  to  a  square  and  close  box,  by  means  of  which  they  were 
charged  throuffh  the  opening  on  the  top.  The  lower  orifices  were  tem- 
porarily closed  by  plugs,  figured  below  with  short  ropes  attached.  When 
the  whole  wasfilled,  the  hole  at  the  top  was  closed  by  driving  in  the  stop- 
per»  figured  near  it,  and  then  the  two  plugs  below  were  withdrawn  by 
means  of  the  ropes. 

There  is  little  douht  that  large  siphons  made  of  planks  and  jointed  or 
lined  with  pitch  would  work  well,  even  if  they  were  not  perfectly  tight, 
provided  the  orifice  of  the  discharging  leg  was  considerably  lower  uian 
the  surface  of  the  water  in  which  the  short  \es  was  placed. 

Heron  directed  large  eiphons  to  be  filled  through  a  funnel  at  the  top» 
and  the  orifices  closed  below,  as  represented  in  Nos.  246  and  247. 

No.  247  was  of  metal,  but  charged  like  the  last  by  means  of  a  wooden 
box  ;  the  opening  to  admit  the  water  and  its  stopper  being  clearly  repre- 
sented. There  appears  no  device  for  closing  the  lower  ends  of  this 
siphon ;  and  as  they  enter  the  water  perpendicularly,  the  plugs  and  ropes 
used  in  No.  246  would  hardly  apply.  Probably  the  short  leg  was  closed 
by  a  valve  opening  upwards  at  the  bottom  of  the  box,  on  which  account 
the  latter  was  made  conical  to  afford  room  for  it  to  play.  This  valve 
would  be  sufficient  for  the  purpose  of  charging  the  siphon,  provided  the 
'upper  part  of  the  box  was  higher  than  any  other  part  of  the  instrument. 
We  therefore  suppose  that  the  disproportionate  size  of  the  box  and  its 
being  figured  below  the  bend  are  errors  of  the  artist. 

Of  modern  improvements,  the  addition  of  sucking  tubes  by  which*  smaJ^ 
siphons  are  now  commonly  charged  was  the  first  It  is  uncertain  when 
or  by  whom  they  were  introduced.  They  do  not  appear  to  have  been 
much  used,  if  at  all,  before  the  early  part  of  the  last  century  ;  for  all  the 
siphons  described  in  old  treatises  on  chemistry,  distilling,  &c.  invariably 
consist  of  single  tubes,  which  were  either  charged  by  immersing  them,  or 
by  drawing  out  the  air  from  the  orifice  of  the  discharging  leg  by  the 
mouth.  It  may  contribute  to  some  future  history^ of  the  siphon  to  preserve 
a  few  of  these. 
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The  first  two  are  from  the  English  translation  of  one  of  Conrad  Gesner's 
vrorks,  Lend.  1599.  (See  page  381  of  this  volume.)  Speaking  of  draw- 
ing  off  water  from  the  head  of  a  still,  the  author  observes,  "  You  may  put 
certaine  draying  pipe»  into  the  cover  such  as  you  see  here  livelie  portray- 
ed."  Copies  of  the  sam2  are  inserted  in  several  other  old  works.  In 
*•  Maison  Rustique,"  Paris,  1674,  folio  217,  they  are^  to  be  seen,  and  the 
instrumenu  are  said  to  have  been  made  of  tin  plate  *  (tuyoMX  defer  blanc, ) 

■  This  beaiitiriil  inantifactnre  (tin  plate*  which  ccntributes  so  largely  to  the  fiirnishinj 
of  OUT  kitchens,  &«  w  mippoaed  to  be  .if  anoiint  date.  The  Germans  were  the  fint 
mkeT»  of  it  ia  modem  iimes. 
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No.  250  IS  from  the  "  Dictionnaire  CEconomique,"  Paris,  1732,  3d  edit. 
Tome  i,  S64.  It  is  obviously  copied,  with  the  distilling  apparatus  of  which 
it  forms  a  part,  from  some  older  work.  No.  248  differs  in  nothing  from 
those  belonging  one  of  the  Pharaohs,  (No.  236,)  while  the  forms  of  Noa. 
249  and  250  are  evidently  owing  to  the  material  of  which  they  are  made, 
viz.  tinned  iron ;  the  legs  were  separate  pieoea,  and  their  juoc^on  formed 
an  acute  anele. 

The  suckmg  tube  is  not  figured  by  Decaus,  Fludd,  Moxon,  Boyle,  Beli- 
dor ;  nor  yet  by  Rohault,  Gravesande,  Desaguliers,  and  "he  Abbe  Nollet, 
altliough  it  was  in  use  before  the  popular  works  of  the  last  named  authors 
were  published.  Switzer,  in  his  Hydrostatics,  1729,  has  figured  a  siphon 
for  transferring  water  over  a  hill  with  a  short  sucking  tube  attached  ;  but 
this  is  placed  near  the  top,  and  v/as  designed  to  draw  off  the  air  that 
might  accumulate  at  the  bend  after  the  instrument  had  been  some  time 
in  use. 

In  Martin's  **  Philosophical  Grammar,"  Lond.  1762,  sixth  edit.  No.  251 
is  represented.  The  sucking  tube  appears  but  as  the  nucleus  of  the 
modern  one,  being  a  very  short  conical  piece  attached  to  the  extremity 
of  the  discharging  leg.  The  figure  we  suppose  was  in  the  previous  edi- 
tions of  the  work.  It  was  copied  into  the  London  Magazine  for  1764, 
p.  584,  and  is  there  named  "  the  syphon  or  crane  m  commam  use"  But 
the  sucking  tube  was  fully  develo|)ed  before  these  dates.  In  **  Arts  et 
Mctieres,"  it  is  not  curtailed  of  its  fair  proportions.  The  treatise  on  the  Art 
of  the  Cooper,  (Art  du  Tonnelier.)  was  published  in  1763,  and  in  it  No. 
252  is  given  as  the  siphon  then  used  in  Paris  for  emptying  wine  casks,  &c 
It  was  made  of  tin  plate,  and  for  the  convenience  of  hanging  it  up  when 
not  in  use,  a  ring  was  attached  to  the  upper  part.  "  Ce  siphon  est  connu 
sous  le  nom  de  jfompr"     (Folio  edit.  p.  47.) 

''  L'Art  du  DistillHteur  Liquoristo,"  was  published  in  1775.  In  it 
another  valuable  modification  of  the  siphon  is  exhibited.  See  No.  253. 
This  in  its  outline  resembles  the  preceding  one,  being  made  of  the  same 
material.  It  has  no  sucking  tube,  but  the  discharging  leg  is  closed  by  a 
cock,  and  the  receiving  one  by  a  light  valve  opening  inwards ;  hence 
when  once  charged,  this  siphon  would  always  remain  so  while  the  cock 
was  kept  shut :  it  could  Jbe  moved  from  one  vessel  to  empty  another  at 
pleasure,  for  as  soon  as  the  end  of  the  short  leg  was  immersed  and  the 
cock  opened,  it  would  commence  to  act  This  instrument  was  named 
•*  siphon  d  clapeL**     (Folio  edit.  p.  140.) 

The  more  common  form  of  the  siphon  as  now  used  is  shown  at  No.  254, 
a  valve  in  the  short  leg  being  dispensed  with.  Small  instruments  are 
BO  easily  charged,  that  little  or  no  advantage  is  derived  from  keeping  them 
filled.  Liquids  confined  in  them  become  insipid,  and  in  sof^^  cases  tainted 
by  the  material  of  the  tube ;  besides,  as  small  siphons  are  required  tc 
decant  different  liquids,  their  contents  must  be  discharged  every  time  the 
liquid  is  changed.  On  these  accounts  the  valve  has  been  dropped.  The 
junction  of  the  sucking  tulie  with  the  discharging  leg  must  always  be  kept 
below  the  surface  of  the  fluid  to  be  drawn,  as  the  virtual  length  of  the  leg 
there  terminates.  By  means  of  the  cock  the  discharge  can  always  be 
regulated,  and  when  a  receiving  vessel  is  filied^-entirely  stopped  untiS 
another  vessel  is  prepared. 

Siphons  with  small  syringes  attached  for  the  purpose  of  chargir^g  them, 
are  frequently  made  by  silversmiths  for  decanting  wine  from  ordinary 
bottles,  &c.  See  No.  255.  The  capacity  of  the  syrirjg^  sh<iuld  ?Oiil 
that  of  the  siphon,  as  one  stirke  only  (an  upward  one)  of  the  pisJ^r.  \,V7 
be  used.     Atmospheric  and  forcing  yur\ps  are  often  used  tc  cLarg?  voy 
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long  siphons ;  the  former  heing  applied  to  the  discharging,  and  the  latter 
to  the  receiving  orifice. 

Of  devices  for  stopping  and  renewing  the  discharge  without  either  cocks 
or  valves,  the  Wirtemhurg  siphv^,  's  the  oldest.  It  was  so  named  from 
its  invention  in  that  city.  The  legs  are  of  equal  length,  and  to  prevent 
the  admission  of  air  when  the  instrument  is  not  in  use,  (heir  ends  are  hent 
upwards.  3ee  No.  256.  (For  the  convenience  of  discharge,  one  end  is 
commonly  recurved.)  The  alledged  advantages  of  this  siphon  over  others 
were  more  imaginary  than  real,  it  was  at  one  time  announced  as  *'  a  very 
extraordinary  machine,  performing  divers  things  which  the  common  siphon 
cannot  reach.*'  Thus,  when  the  legs  were  inserted  in  diiFerent  vessels,  it 
vras  said  to  preserve  the  liquid  at  the  same  level  in  both  ;  and  although 
the  legs  were  of  equal  length,  v/ater  rose  indifferently  up  one  and  descend- 
ed through  the  other,  besides  other  properties  which  in  fact  are  carnmom 
to  all  siphons.  Its  only  peculiarity  consists  in  the  ends  of  the  legs  being 
turned  upwards,  so  as  to  retain  the  fluid  within,  and  thus  be  always  ready 
foi  use  :  but  this  retention  of  the  contents,  although  theoretically  true,  is 
in  prai^tice  hardly  attainable,  since  it  requires  the  orifices  to  be  always 
preserved  on  the  same  horizontal  line — a  condition  extremely  difHcult  tx) 
perform,  except  with  very  small  instruments,  and  whose  ends  are  turned 
considera))ly  up.  If  the  ends  reach  only  to  a  level  with  the  upper  side  of 
the  flexure,  the  slightest  change  of  position  makes  one  leg  longer  than  the 
other  ;  air  is  admitted,  and  in  a  moment  the  whole  contents  are  expelled. 
A  siphon  thus  made  of  inch,  or  f  inch  tubing,  could  not  be  moved  from 
one  vessel  to  another,  or  hung  against  a  wall,  without  the  contents  being 
displaced.  Disks  or  stoppers  placed  over  the  orifices  would  prevent  this, 
but  they  would  virtually  be  valves.  The  Wirtemburg  siphon  is  conse- 
quently seldom  seen  except  in  the  lecture  room.  (See  Phil.  Trans,  xv, 
84S-7,  and  Low  thorp's  Abridg.  i,  537-9.) 

In  1808,  M.  Argand,  the  inventor  of  lamp  burners  that  go  under  his 

name,  devised  a  "  valve  siphon"  precisely 
similar  to  No.  253.     From  remarks  made 
in  the  journals  of  the  time,  he  seems  to  have 
been  considered  the  introducer  of  the  valve 
— an  erroneous  idea.     As  regards  the  con' 
...  atrurtion  of  his  siphon  all  that  could  be  claim- 
«  by  or  for  him  was  the  mode  of  connecting 
^^^^^58!^  the  legs  to  the  horizontal  part  by  screws,  so 
c  .-  V-     ^Yi^^  they  might  easily  be  separated,  either 

for  the  purpose  of  cleaning  or  more  con- 
veniently packing.  But  Argand 's  mode  of 
rJiarging  his  siphon  was  novel.  It  was 
effected  on  the  same  principle  as  water  ia 
raised  by  the  canne  hydraulique,  (page  372.)  viz.  by  movmg  the  instru- 
ment perpendicularly  up  and  down  in  the  liquid,  until  it  became  filleiL 
Instead  of  imparting  motion  to  the  whole  instrument,  which  in  larger  ones 
would  be  inconvenient,  M.  Hacheitc  suggests  that  the  lower  part  of  the 
receiving  leg  be  connected  to  the  upper  part  by  a  flexible  tube  of  leather 
or  cloth  impermeable  to  liquids,  so  that  the  part  in  which  the  valve  is 
sctuated  need  only  be  moved.     See  No.  257. 

Siphons  are  necessary  in  numerous  manipulations  of  the  laboratory,  and 
modern  researches  in  chemistry  have  given  rise  to  several  beautiful  devices 
for  charging  them,  and  also  for  interrupting  and  renewing  their  action. 
When  corrosive  liquids  or  those  of  high  temperatures  are  to  be  transferred 
by  siphons,  it  is  often  inconvenient,  and  sometimes  dangerous  to  put  them 
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in  ap«rtdon  by  the  lung*.  MaT«o''ar  cocki  vid  valvei  of  nwul  are  acted 
on  hi  acids,  and  in  aorce  :uea  wo-jld  affect  or  destroy  the  properttei  nf 
theihtidal] 


No.  259  shows  how  hot  or  coirosiTe  liquids  may  be  dnwn  oS  (ram  a 
wide  mouthed  bottle  or  jar.  The  short  leg  of  a  siphon  is  inserted  through 
the  cork ;  and  also  a  small  tabe,  through  which  the  oper&tor  blows,  and 
by  the  pressure  of  his  breath  forces  the  liquid  through  the  siphon. 

No.  259  represents  a  siphon  sometimes  employed  by  chemists.  When 
used,  the  short  leg  is  first  placed  in  the  fluid  to  be  decanted,  the  flanie  of 
a  lamp  or  candle  is  then  applied  to  the  underside  of  the  bulb  ;  the  heat 
raref)i;s  the  air,  and  consequently  drives  out  thv  greater  part  of  it  through 
the  discharging  oriRce.  The  finger  is  applied  to  this  orifice,  and  as  the  bulb 
becomes  cool  the  atmoaphere  drives  up  the  liquid  into  the  void  Wid  put* 
the  instrument  in  operuion. 

No.  2G0  is  a  siphon  by  M.  Collardeaa.  It  is  charged  \>y  ponring  a 
quantity  of  the  fluid  to  be  decanted  into  the  funnel;  the  bent  ^pe  attached 
The  f  ■  ■  " 


to  which  terminates  near  the  top  of  the  discharging  leg.  The  fluid  ii 
descending  through  this  leg  bears  down  the  air  withm  it,  on  the  principle 
of  the  trombe,  and  the  atmosphere  drives  up  the  liquid  in  the  reservoir 
through  the  short  leg.  In  experiments  with  this  instrument  we  invariably 
found  the  contents  of  the  charging  tube  drawn  into  the  siphon  whenever 
the  orifice  at  the  discharging  leg  was  not  made  smaller  than  the  bore  of 
the  receiving  one.  By  not  attending  to  this,  such  siphons  will  only  act  U 
long  as  water  is  poured  into  the  funnel. 

No.  261.  A  gloss  siphon  for  decanting  acids,  &C.  ft  ia  charged  by 
sucking,  and  to  guard  against  the  contents  entering  the  mouth,  a  bulb  is 
blown  on  the  sucking  lube.  The  accumulation  o?  a  liquid  in  this  bulb 
being  visible,  the  operator  can  always  withdraw  his  lips  in  lime  to  pre- 
vent his  toating  it. 

No.  262  is  designed  to  re^n  its  contents  when  not.'n  use,  so  that  <M 
plunging  the  short  leg  deep  into  a  liquid  the  instrument  will  operate.  This 
effect  however  will  not  follow  if  the  end  of  the  discharging  leg  deacen4 
below  the  flexure  near  it,  and  if  its  orifice  be  not  contracted  nearly  to  that 
of  a  capillary  tube. 

No.  263  is  a  siphon  by  which  liquids  may  be  drawn  at  intervals,  via. 
by  raising  and  lowering  the  end  of  the  discharging  leg  according  to  the 
■urface  of  the  liquid  in  the  cistern. 

Our  own  labors  have  developed  some  novel  modifications  of  the  siphon. 
No.  264  is  charged  by  an  apparatus  designed  as  a  substitute  for  the 
•ynnge.  (See  No.  255.)  The  sucking  tube  of  an  ordinary  siphon  ia  made 
to  pass  through  the  centre  of  a  much  larger  pipe.  This  is  closed  at  the 
bottom,  open  at  top,  and  its  length  equal  to  that  of  ihe  short  leg.  A  muve* 
able  tube  open  at  bottom  and  closed  above  is  fitted  to  slide  in  the  last,  and 
ia  of  such  a  bore  that  the  space  between  iu  aides  and  the  exhaaatiiig  tab* 
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€qaa.\»  the  capacity  of  the  liphon.  To  nse  this  imtrument,  fill  the  wi<]« 
tube  with  water  or  some  other  Quid,  and  place  the  short  leg  into  the  liquid 
to  be  decanted ;  then  close  the  orifice  otthc  long  leg  with  the  finger,  and 
raise  the  moveable  tube  (by  the  ring  attached  to  it)  and  the  Biphon  will 
be  charged.  In  using  this  instrument,  tlie  fluid  by  which  it  is  charged 
doeg  not  mix  with  that  which  is  decanted,  as  in  No,  S60.  The  apparatni 
is  more  simple  than  a  syringe  and  is  not  liable  to  be  deranged.  By  using 
mercury  both  the  length  and  bore  of  the  charging  tubes  may  be  greatly 
reduced.  As  these  tubes  themselves  constitute  a  siphoti,  (see  'So.  238,) 
the  nfipet  end  of  the  small  exhausting  one  should  extend  a  little  above 
that  wnich  contains  the  charging  fluid,  lest  this  should  occasionally  rise 
«ver  the  orifice— in  which  case  the  whole  would  be  drawn  off.  A  descrip- 
tion of  this  siphon  was  published  in  tbe  Joarnal  of  the  FranMin  Inttitu'.B 
{hr  November,  1634. 


Nob.  S65-6  represent  another  mode  of  charging  siphons  on  the  same 
principle,  but  the  apparatus  is  more  simple  and  is  accompanied  with  some 
peculiar  advantages.  The  siphon  icaelf  has  no  exhausting  pipe  attached 
to  it,  hut  is  a  bent  tube  simply.  It  is  put  in  operation  hy  means  of  a 
moveable  tube  of  about  the  same  length  as  the  discharging  leg,  and  having 
the  bottom  closed  and  a  lip  or  spout  formed  on  its  upper  edge.  This 
tubular  vessel  is  filled  with  water  (or  other  fluid)  and  the  long  leg  of  the 
siphon  inserted  into  it.  The  short  lep  is  then  placed  into  the  liquid  to  be 
decanted  and  the  moveable  tube  drawn  gently  down.  The  air  within 
becomes  rarefied  and  the  instrument  charged  in  consequence  of  the  vacuity 
left  in  the  long  leg  by  the  receding  liquid.  The  moveable  tuW  may  then 
be  wholly  withdrawn  or  not  as  circumstances  moy  dictate.  If  the  liquid 
is  to  be  oeoanted  at  intervals,  or  the  stream  increased  or  diminished,  the 
tulie  should  be  used  ;  thus,  to  lessen  or  stop  the  discharge,  slide  up  the 
tiil)e  and  as  the  lip  approaches  to  a  level  witn  the  surface  in  the  reservoir 
the  stream  will  become  less  and  less,  and  by  raising  it  still  higher,  as  in 
No.  36n,  entirely  stopped.  Hence  the  instrument  acts  as  a  perfect  ctxA, 
by  which  the  liquid  may  be  discharged  in  single  drops  or  in  a.  full  stream, 
and  unlike  the  ordinary  brass  taps,  it  can  never  leak  nor  require  repairs. 

The  apparatus  also  performs  the  part  of  a  guage,  viz.  by  accurately  indi< 
eating  the  surface  of  the  fluid  within  any  vessel  to  which  it  is  attached. 
Suppose  wo  jvish  to  know  the  quantity  of  liquid  remaining  in  a  demijohn, 
or  other  close  vessel,  after  drawlne  off  part  by  one  of  these  siphons;  all 
that  is  required  is  to  slide  up  the  tube  till  the  liquid  barely  drops  from  the 
lip— its  surface  in  the  tube  will  then  be  on  the  tame  Irtel  as  in  the  demi- 
john. If  the  moveable  tube  be  made  of  glass,  the  quantity  left  can  alwayi 
be  known  at  sight,  because  its  surface  in  the  tube  would  always  be  visible. 
A  device  of  this  kind  might  be  employed  to  draw  off  and  to  guage  the 
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contents  of  standing  casks.  It  would  be  better  to  make  the  diachargiBg 
leg  of  this  siphon  of  rather  larger  bore  than  the  short  one,  since  the  rare- 
faction would  then  be  more  perfect  The  discharging  leg  must  always 
be  inserted  in  the  moveable  tube  before  the  short  one  is  placed  in  the 
liquid  to  be  transferred.  (See  Journal  of  the  Franklin  Institute  for  Julj 
and  November,  1834.) 

No.  267  is  formed  of  a  conical  tube,  and  charged  by  the  act  of  placinfi^ 
it  in  the  fluid  to  be  transferred.  The  end  of  the  long  leg  is  first  closed 
tight  by  the  finger,  and  the  short  one  then  immersed  as  deep  as  can  be 
conveniently  in  the  liquid.  The  air  being  thus  confined  prevents  the  iiqoid 
from  entering,  but  when  the  finger  is  withdrawn,  it  is  urged  up  the  short 
leg  by  the  hydrostatic  pressure  of  the  column  over  the  orifice  ot  the  latter, 
and  the  mometUum  of  the  large  volume  contained  in  the  lower  part  drives 
sufficient  over  the  bend  to  put  the  instrument  in  operation,  xhe  action 
of  this  siphon  depends  upon  the  same  principle  as  the  spouting  tubes 
described  in  the  last  chapter.  This  siphon  is  in  fact  merely  one  of  these 
bent  into  a  proper  form.  The  bend  should  be  a  regular  curve  in  order  to 
present  as  little  obstruction  as  possible  to  the  liquid  in  passing  over :  it 
should  also  be  short,  so  as  to  require  less  of  the  passing  6uid  to  fill  it  ihan 
a  longer  one.  The  proportions  of  the  different  parts  of  these  siphons 
should  approach  those  represented  in  the  cut.  Small  siphons  on  this  plan 
are  limited  in  their  application  to  those  cases  where  the  short  legs  can  be 
immersed  half  their  depth  or  more;  b«t  the  application  of  large  instruments 
increases  with  the  depth.     (See  No.  226  and  remarks  upon  it,  page  499.) 

Nos.  268-9  are  bfotving  siphons,  being  charged  by  blowing  with  the 
mouth  through  the  tubes  connected  to  the  orifices  of  the  discharging  legs. 
This  mode  of  producing  a  vacuum  in  one  pipe  by  blowing  air  through 
another  is  sufficiently  explained  in  a  previous  chapter.  In  No.  269,  the 
i unction  of  the  siphon  with  the  blowing  tube  is  flush  or  smooth  in  the 
interior  of  the  latter,  and  whenever  this  is  the  case  a  conical  ajutage  must 
be  added  as  represented,  or  the  instrument  cannot  be  charged.  (See 
remarks  on  blowing  tubes,  pp.  486-7.)  The  better  way  is  to  make  the 
siphon  .ike  No.  268,  in  which  a  part  of  the  leg  projects  into  the  blowing 
tube  and  diverts  the  current  of  ail*  from  the  lungs  over  the  orifice,  as  in 
Nos.  205-'6,  '7,  and  '13.  These  are  more  readily  charged  than  the  others, 
and  although  they  will  operate  without  the  conical  ajutage,  they  are  much 
easier  charged  with  it.  By  such  siphons  water  may  be  raised  one  or  two 
feet  by  a  sm4rt  puffl  They  are  sale  and  convenient  to  transfer  acids,  ftc 
as  there  is  not  Uie  least  danger  of  receiving  any  portion  into  the  mouth, 
■s  when  sucking  siphons  are  used. 

Siphons  are  now  used,  as  they  were  by  the  Egyptians  in  Heron's  time, 
to  convey  water  to  considerable  distances.  When  they  are  laid  over 
ground  that  is  elevated  from  20  to  25  feet  above  the  spring,  a  quand^  of 
air  is  disengaged  from  the  water  at  the  highest  parts  of  the  tube,  and  accu- 
mulating there  is  very  apt  to  cause  the  action  to  cease.  To  prevent  this, 
a  close  vessel,  furnished  with  a  cock  and  funnel  at  the  top,  should  be  con- 
nected at  its  bottom  to  the  highest  part  of  the  siphon  by  a  stop  cock  or 
valve.  The  air  evolved  from  the  water  will  collect  in  this  vessel  and 
should  be  occasionally  drawn  off  in  the  following  manner.  Shut  the  lower 
cock  and  open  the  one  attached  to  the  funnel ;  then  expel  the  air  by  filling 
the  vessel  with  water  and  turn  the  cocks  as  at  first.  As  fresh  portions  of 
air  arise  from  the  liquid,  they  will  enter  the  vessel  and  drive  the  water 
down  the  discharging  leg. ,  When  the  ground  is  very  uneven  at  the 
highest  parts,  the  several  eminences  of  the  siphon  should  be  connected  >y 
■mall  tubes  to  the  air-chamber. 
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We  have  known  siphons  from  a  quarter  to  half  a  mile  in  length,  and 
formed  of  leaden  pipes  only  half  an  inch  in  the  bure  continue  running  from 
nine  to  fifteen  months  without  once  stopping,  although  no  air-vessels  were 
attached  to  them.  In  one  case  the  pipe  was  1200  feet  in  length,  the  orifice 
of  the  dischar^ng  leg  was  but  five  or  six  feet  below  that  ot  ihe  receiving 
one,  and  the  highest  part  of  the  tube  was  from  12  to  15  feet  above  ine 
surface  of  the  spring. 

An  opinion  is  current  with  some  writers,  that  the  extreme  elevation  to 
which  water  can  be  carried  by  siphons  was  unknown  to  the  ancients,  and 
that  Heron,  the  most  celebrated  writer  of  antiquity  upon  these  instru- 
ments, was  not  himself  aware  of  its  limitation  to  about  30  feeL  It  is  not 
clear  that  Heron  was  thus  ignorant ;  but  if  he  were,  it  would  only  show 
that  in  this  department  of  the  arts  he  was  no  practical  man.  That  ancient 
plumbers  and  pump-makers,  who  prepared  and  laid  large  siphons  were 
aware  of  the  limitation  there  can  be  no  doubt,  just  as  the  same  class  of 
mechanics  were  in  modern  times  with  regard  to  pumps^  before  philosophers 
were  informed  of  the  fact  or  able  to  account  for  it.  As  however  siphons 
for  conveying  water  over  hilb  and  to  great  distances  have  always  been 
of  rare  occurrence,  (comparatively  speaking,)  it  is  not  at  all  surprising  that 
even  some  hydraulic  engineers  should  have  been  thus  ignorant  with  regard 
to  them,  although  familiar  with  the  extent  to  wliich  water  can  be  raised  by 
atmospheric  pumps.  If  some  of  these  men  hhve  talked  of  conveying 
water  by  siphons  over  mountains,  we  i^ver  hear  them  speak  of  raisings  it 
to  equal  elevations  through  the  suction  pipe?  of  pumpsw  Daily  experience 
in  applying  the  latter  to  various  deptlis  prevented  them  from  falling  into 
the  error. 

Baptist  Porta,  in  the  19th  Book  of  his  Natural  Magic,  speaks  of  raising 
water  by  a  siphon  to  the  top  of  a  high  tower,  and  several  old  writers  have 
the  same  conceit.  This  was  in  accordance  with  the  ancient  doctrine  of  the 
pienists,  who  denied  the  posjioility  of  a  vacuum.  They  attributed  the  ascent 
of  liquids  through  siphons  to  nature's  abhorrence  of  a  void,  and  imagined 
the  elevatioTi  to  I  e  unlimited.  But  these  men  were  philosophers,  whose 
practical  knowledge  was  confined  to  portable  experiments ;  had  they  been 
working  pump-makers  they  would  have  known  better ;  they  wouHl  have 
become  advocates  for  the  opposite  doctrine— t^aoftj/jr.  So  long  was  the 
error  of  the  plenists  maintained,  observes  Switzer,  *'  that  I  have  seen  a 
book  of  Machines,  written  even  in  Queen  Elizabeth's  time,  by  one  Ward, 
an  engineer,  who  ventur*d  to  give  a  sketch  of  a  high  hill,  and  a  house  at  the 
bottom  or  side,  over  which,  by  a  vast  extended  s^plwn,  the  water  was  to 
be*convey'd  from  one  va^e  to  another."  The  author  of  the  old  treatise, 
ent'tled,  *  Art  and  Nature,'  quoted  at  pp.  321,  375,  was  of  the  same  opi- 
nion. "  How  to  convey  water  over  a  mountain  :  this  experiment  is  as  easie 
to  be  performed  as  any  of  the  former,  and  indeed  after  the  same  manner, 
for  you  must  lay  a  pipe  of  lead  over  the  mountain,  with  one  end  in  the 
spring  or  water  that  you  desire  to  convey,  and  the  other  end  must  lie 
somewhat  lower ;  then  open  the  pipe  at  the  top  of  the  mountain ;  stop 
both  ends  of  the  pipe,  and  with  a  tunnell  fill  the  pipe  full  of  water ;  then 
close  it  up  exactly  that  neither  ayer  nor  water  may  come  out  tliereat ;  then 
nnstop  b3th  the  ends  of  the  pipe,  and  the  water  will  run  continuallv," 
(p.  10.)  Decaus  appears  to  have  been  l>etter  informed,  if  we  may  judge 
from  hiff  remarks  respecting  the  perpendicular  length  of  pipes  of  atmo- 
spheric pumps.  In  large  engines,  he  recommends  that  they  be  not  made 
over  20  feet ;  and  including  the  working  cylinders,  he  says,  *'  I  am  of 
opinion  '}iat  it  [the  water]  must  not  be  constrained  to  rise  more  than  thirty 
leet  in  h^'ight"     The  second  plate  of  his  *'  Forcible  Movements"  repre* 
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•ents  two  atmospheric  pamps  placed  one  above  the  other,  uni  the  iowtfat 
one  raised  it  from  "  24  to  30  feet,''  and  the  upper  one  "  may  raise  it  from 
thence  24  or  30  feet"  higher.  The  '*  Forcible  Movenenta,"  it  will  be 
remembered,  was  published  about  thirty  years  befbi«  cbe  diseovery  of 
atmospheric  pressure. 

Contrivances  for  discharging  water  from  the  kigkeai  part  of  aiphons 
have  often  been  proposed.  They  are  to  be  met  with  in  several  old  authors, 
and  the  principle  of  most  of  them  may  be  found  in  the  Spiritalia.  They 
are  however  seldom  employed,  because  circumstances  on  which  they  de- 
pend rarely  occur ;  and  other  devices  are  preferable  even  under  diose 
circumstances.  A  descriptive  account  of  a  few  of  them  may  interest  some 
machinists,  and  be  serviceable  to  others,  vis :  by  preventing  them  from 
expending  their  energies  in  devising  similar  things.  Indeed  in  this  respect 
books  which  contain  accounts  only  of  the  best  machines  are  not  always  the 
most  useful  to  inventorg.  In  whatever  department  of  the  arts  these  men 
exercise  their  talents  they  are  almost  certain  to  fall  at  one  time  or  another 
on  old  devices,  which  appear  to  them  both  new  and  equal  to  similar  plans 
in  common  use.  Books  therefore  which  describe  rejected  and  antiquated 
contrivances  are  not  so  worthless  as  some  persons  imagine. 

One  plan  to  raise  water  by  a  siphon  consists  in  enlarging  or  swelling  it 
out  at  or  near  the  bend,  or  what  amounts  to  the  same  thing,  connecting 
the  legs  te  an  air-tight  vessel ;  and  when  this  becomes  filled  the  commu- 
nication between  it  and  the  legs^s  cut  off  by  vaives  or  cocks,  and  the 
contents  drawn  off.  When  this  is  done  the  vessel  remains  filled  with  air, 
which  if  admitted  into  the  legs  would  stop  the  action  of  the  siphon.  It 
must  therefore,  in  order  to  expel  the  air,  be  filled  with  some  liquid  to 
replace  that  drawn  out.  Suppose  a  siphon  of  this  kind  be  designed  to 
raise  water  for  the  supply  ot  a  dwelling,  in  or  near  which  the  veasel  is 
placed,  it  may  then  be  refilled  with  refuse  or  impure  water,  which  on 
adjusting  the  cocks  will  pass  down  the  discharging  leg.  Then  after  a 
short  lime  elapses,  the  vessel  will  again  be  filled  with  fresh  water,  which 
may  be  again  exchanged  for  the  same  quantity  of  impure. 

In  locations  where  river,  salt,  or  any  other  water  can  thu3  be  exchanged 
for  fresh,  and  it  is  desirable  to  do  so,  such  devices  are  applicable.  (In 
breweries,  distilleries,  &c.  the  descent  of  one  liquid  may  thus  be  made  to 
raise  another.)  It  should  however  be  observed  that  an  equal  quantity  must 
be  given  for  that  received,  and  it  must  descend  rather  more  than  the  latter 
rises.  But  when  circumstances  allow  these  conditions  to  be  fulfilled,  the 
apparatus  is  not  always  to  be  depended  upon ;  air  insinuates  itself  through 
tho  minutest  imperfections  in  the  pipes  and  cocks,  and  often  dc^ranges  the 
whole.  One  of  these  siphons  is  described  in  Nicholson's  Journal,  4to. 
vol.  iv,  and  in  vol.  ii,  of  Gregory's  Mechanics.  Another  in  the  Bibtio- 
theque  Phisico-Economique,  which  is  copied  in  vol.  x,  of  the  Repertory 
of  Arts,  2d  series.  Another  is  figured  in  Art  and  Nature,  A.  D.  1633, 
with  two  close  reservoirs  at  the  top ;  and  Porta,  in  cap.  3,  book  xix,  of  his 
Magic,  describes  another,  with  the  close  vessel  on  the  top  of  a  tower :  the 
discharging  leg  is  described  as  terminating  in  another  close  vessel  of  the 
same  size  as  the  one  above,  and  furnished  with  a  cock  and  funnel  through 
which  to  fill  it,  and  another  cock  to  discharge  the  contents :  this  charg- 
ing vessel  from  his  description  appears  to  have  been  placed  on  the  ground 
a  little  below  the  spring  and  then  emptied — if  so,  the  apparatus  could  .not 
act.  He  does  not  appear  to  havo  been  aware  of  the  necessity  of  the  con- 
tents of  the  lower  vessel -being  discharged  from  the  orifice  of  a  pipe  as 
much  below  as  the  receiving  vessel  on  the  tower  was  above  the  spring. 
The  device  (which  he  probably  imperfectly  copied  from  •nme  alder  anchor) 
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would  then  be  tee  eatae  u  the  siphon  for  rairirtg  water  whiob  Q  ■aveMnda 
bas  figured  in  the  leconcl  volume  of  bis  Pbilosophy,  p.  39,  plate  74. 

The  best  of  these  devices  are  not  only  subject  to  derangement  by  the 
wearof  tbe  cocks  and  valves,  and  want  of  care  in  opening  and  closing  them 
St  tbe  proper  times,  buf  they  require  almost  as  mucb  attendance  as  would 
•iiffice  to  raise  the  water  directly  from  tbe  spring.  On  tbis  account  variuus 
contrivances  have  been  proposed  lo  render  tbem  self-acting. 

An  ingenious  device  of  this  kind  may  be  seen  in  the  Gentleman's  Ma- 
gaxine  for  1747,  p.  fiS8,  It  is  named  a  "  lifting  tipAoH."  Water  from  a 
spting  is  received  into  an  open  cistern,  from  the  bottom  of  which  a  pipe 
descends  to  a  perpendicular  depth  of  33  feeL  The  bore  of  tbis  pipe  is 
closed  and  opened  by  two  stop-cocks,  one  ai  its  lower  «nd  and  tbe  other 
near  the  upper,  or  just  below  its  junction  with  the  cistern.  A  close 
vessel  to  receive  the  water  raised  is  lo  be  fixed  at  any  required  elevation, 
not  exceeding  30  feet  above  the  cistern;  and  from  its  bottom  a  pipe 
descends  to  within  two  inches  of  the  bottom  of  tbe  cistern.  Tbis  pipe 
constitutes  the  short  leg  of  tbe  siphon,  and  its  upper  orifice  is  covered  by 
a  valve  to  prevent  the  water  that  ascends  through  it  from  returning.  From 
the  lop  of  the  cloee  vessel  a  small  or  exhausting  pipe  proceeds  down  to 
the,  one  beneath  the  cistern  and  is  connected  to  it  below  the  Upper  cock. 
Thus  united  tbey  may  be  considered  as  the  long  leg  of  tbe  aipbon,  al- 
thongh  water  only  descends  through  ihg  lower  branch  and  air  through  tbe 
upper  one.  The  apparatus  for  alternately  opening  and  closing  the  cocks 
(uDon  which  the  action  of  tbe  machine  depends)  is  somewhat  similar  in 
pnnciple  to  that  represented  at  page  354.  A  bucket  containing  water  ia 
the  prime  mover  ;  a  rope  attached  to  it  is  passed  twice  round  two  rollers, 
and  a  counterpoise  is  suspended  from  the  other  end  of  the  rope.  When 
the  bucket  is  partly  filled  it  preponderates,  and  when  it  is  emptied  the 
counlerpoise  prevails  ;  hence  an  alternating  movement  is  imparted  to  the 
rollers  and  to  the  plugs  of  the  two  cocks,  as  the  shanks  of  these  constitate 
tlie  axlei  of  the  rollers. 

A  plan  for  making  siphons  of  this  description  self-acting  by  means  of 
four  vessels  placed  one  over  the  other,  and  each  provided  wiui  a  siphon 
by  which  ita  contents  may  be  discharged,  was  proposed  by  Mr.  Wm. 
Close,  in  Nicholson's  Journal  before  referred  to. 

M.  Hacbette  has  combined  tbe  ram 
of  Montgolfier  with  the  siphon,  in  order 
to  discharge  water  from  the  apes  of  the 
latter :  see  tbe  annexed  figure.     A  tb« 
short  leg  and  R  the  long  or  discharg- 
ing one.    The  upper  end  of  each  termi- 
nates in  a  close  chamber  within  which 
two  valves  attached  to  a  perpendicular 
rod  are   made  to  work.     The    upper 
valve  closes  an  opening  in  the  horizon- 
tal partition  that  separates  the  interior 
af  the  chamber  from  the  air-vessel  and 
jet  pipe  above.    The  seat  of  tbe  lower 
valve  is  at  the  orifice  of  R.     Tbe  dis- 
'    tance  between  the  valves  is  such  that 
when  one  is  closed  the  other  is  open. 
^  Their  movements  are  produced  as  in 
-'''  the  ram ;  a  coiled   spring  keeps  tbe 
upper  one  closed  till  tne  momentum  of 
H*.STa  BuBripkH.  the  fluid  in  pawing  through  the  sipfaon 
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•hats  the  lower  one.  The  lower  end  of  R  is  furnished  with  a  cock,  mnd 
that  of  A  with  a  valve  opening  outwards,  for  the  purpose  of  charging  the 
siphon  'through  an  opening  at  B.  When  in  operation,  the  water  after 
running  a  little  while  acquires  sufficient  momentum  to  shut  the  lowc.^  valve, 
upon  which  a  portion  rushes  into  the  air-vessel  and  escapes  in  a  jet ;  the 
spring  then  closes  the  upper  valve,  and  the  fluid  descends  through  &  till 
the  lower  valve  is  again  closed  and  another  jet  prouooed. 
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TmntTAWi  \  nitty  of  their  fbnM,  orauienli  mad 
IbmmtaiaM  froa  D«cmm— ^Fo«ato*M  In  old  Rob»— Water  iMviof  frva  tffiiM  -F— atti—  w  Poay*^  - 
Aatoafttoa  tnmipot«r<— PovntaiM  by  Jobs  of  BolofSA  umI  M.  Aafoio— 4Md  flMataias  w  SmttuAm  g, 
▲iifabarr  tBd  BruMk— Shakotpooro^  Drajrtoa  wmI  Spoacor  qootod — FoMtoiao  of  AiciMMi— .ks 
jrottoffor  Plioj^  oeeoaat  of  Ibnataiat  la  the  fardoaa  of  bis  Taacaa  yiMa  Fitiag  ia  gmdtmir^A^hotd 
to  ia  8oloaMa*«  Boaf — Cato  tbo  Ccaaor— Siaf  alar  Ibaataiat  ia  Itaij-^Foaataiaa  doaeribed  bf  Mareo 
Paalo  aad  olbar  old  wHtorc— Prodiloetioa  Ibr  artiieial  traea  la  ftwtataiaa  Parfbaiod  aad  aioaical  foaa> 
talo^-^oaataiaa  vlthia  pablic  aad  privata  baildiaga— Eaorawtaa  coat  of  porAuaad  vatava  at  Roaaa 
faaata  Lacaa  qaotad— latrodactioa  of  foaatalaa  iaCo  aodara  tbaatrat  aad  cbarebaa  ra  ■■  aiaiaadrd 
Foaaiaiaa  ia  tba  apartaMata  of  Baatara  priacaa  Wator  eoatayad  throaf b  pip«  bj  Ika  ftriaati  iaia 
Soldi  Ibr  tbo  aaa  oftbajrcattla  -Tbrao  aad  lb«r>v^)r  ooeka. 

Artificial  fountains  and  jets  d'eau  are  of  extreme  antiquity :  although 
they  were  not  (like  natural  ones)  objects  of  worship  among  uie  ancients, 
they  were  at  least  held  in  great  estimation,  and  unusual  care  was  often 
taken  in  designing  and  decorating  them.  Indeed  no  other  hydraulic 
devices  have  ever  been  so  greatly  and  so  variously  enriched  wich  ornament. 
The  pipes  of  supply  were  concealed  in  <5olun3ns,  &c.  and  Uieir  orifices 
wrought  into  numerous  emblematic  figures,  (sec  page  liJ.)  while  the 
baains  that  received  the  fluid  were  generally  of  polished  ir«irble.  Some- 
times the  pipes  terminated  in  statues  of  men,  women,  children,  animals, 
birds,  fishes,  vases,  gods,  goddesses,  &c.  From  them  tho  fluid  spouted 
high  in  the  air,  or  was  discharged  directly  into  receivers,  or  broken  in  its 
descent  by  intervening  objects  :  oftentimes  it  was  made  co  flow  over  the 
rim  of  a  vase,  to  issue  from  others  that  seemed  to  have  been  accidentally 
overturned,  and  not  infrequently  the  figpire  of  a  female  poured  it  from  a 
pitcher. 

From  the  facility  of  applying  water  as  a  motive  agent  another  feature 
was  added.  Various  automata  were  put  in  motion  by  mechanism  con 
cealed  in  the  base  or  pedestal  from  which  the  fluid  issued— figures  o^ 
men  blew  trumpets  and  played  on  organs,  and  automaton  birds  warbled 
forth  notes  on  acijacent  trees.  (Such  devices  are  described  by  Heron.) 
All  the  senses  were  often  gratified  at  these  fountains ;  the  sultry  atmo- 
sphere was  cooled  and  rendered  grateful  to  the  feeling— the  sparkling 
liquid  quenched  the  thirst— sight  was  gratified  in  contemplating  the  design 
and  execution  of  the  whole,  and  noticing  the  ever-changing  forms  assumed 
by  the  moving  fluid— -the  pleasure  derived*  from  the  sound  of  falling  water 
has  ever  been  noticed  by  poets^-and  not  to  forget  the  sense  of  smelling, 
in  those  fountuns  that  were  designed  only  to  moderate  the  temperature  m 
the  air,  the  water  was  o&en  perpMned. 
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The  taste  of  old  landscape  gardeners  For  fountains  and  cascades,  ser- 
pentine streams,  and  other  **  pieces  of  water-works*'  although  derived 
From  the  East,  had  its  origin  in  nature.  **  Even  as  Paradise  itself  (says 
Switzer)  must  have  been  deemed  an  immodelled  and  imperfect  plan,  had 
it  not  been  watered  by  the  same  Omnicient  hand  which  first  made  it,  so 
our  gardens  and  fields,  the  nearest  epitomy  and  resemblance  to  that  happy 
place  which  is  to  be  met  with  here  below,  cannot  be  said  to  be  any  way 
perfect  or  capable  of  subsisting  without  it."  These  men  contemplating 
the  wor^  as  a  garden  endeavored  to  copy  it  in  miniature.  They  con- 
structed lawns  for  deer  and  reared  diminutive  forests  for  game— they 
formed  lakes  and  stocked  them  with  fish — walks  were  made  on  the  margin 
of  brooks,  torrents  fell  from  artificial  mountains,  and  tiny  streams  wound 
their  way  through  labyrinths  of  reeds  and  of  sedge.  Springs  were  seen 
bursting  out  of  rocks  rudely  piled  up,  as  if  thrown  together  by  nature, 
while  aquatic  birds  sported  in  basins  below.  But  they  went  further,  for 
ascending  jets  were  thrown  up  so  as  to  resemble  bundles  of  reeds,  others 
were  crested  like  wheat  sheafs,  or  branched  out  like  trees.  Sometimes 
the  streams  were  directed  so  as  to  form  avenues  and  alcoves,  as  of  chrystal, 
which  when  the  sun  shone  produced  a  magical  effect.  Even  hedges  and 
borders  of  gardens  were  imitated.  "  The  hedge  of  water  (says  Evelyn) 
in  forme  of  lattice-worke  which  the  fontanier  caused  to  ascend  out  of  the 
earth  by  degrees  exceedingly  pleased  and  surprised  me." 

Giving  the  reins  still  more  to  their  imaginations,  these  artists  were  hur- 
ried into  singular  puerilities.  They  made  the  fluid  to  spout  from  the  sides 
of  ships,  the  mouths  of  birds,  and  other  incongruous  figures.  Swarms  of 
heatlien  deities  were  also  pressed  into  their  service  ;  and  not  content  with 
a  Triton  blowing  water  through  his  shell,  or  Neptune  pouring  it  from  an 
urn,  figures  of  the  latter  were  made  to  rise  from  the  bottom  of  deep  basins, 
and  drawn  by  spouting  dolphins  and  accompanied  with  Amphitrite  and  a 
legion  of  sea  nymphs,  sailed  over  his  fluid  domains  to  allay  the  tempest 
that  called  him  up  ! 

Old  treatises  on  water-works  are  full  of  such  things.  In  '*  Art  and 
Nature,"  Neptune  is  figured  ''  riding  on  a  whale,  out  of  whose  nostrils,  as 
also  out  of  Neptune's  trident  the  water  may  bee  made  to  spin  thorow  small 
pin  holes."  Other  devices  consisted  of  *'  divers  forms  and  shapes  of  birds, 
Deasts,  or  fishes ;  dragons,  swans,  whales,  flowers,  and  such  like  pretty 
conceits,  having  very  small  pin  holes  thorow  them  for  the  water  to  spin 
out  at."  The  15th  and  16th  plates  of  Decaus'  Forcible  Movements 
represent  the  mechanism  of  "  an  engin  by  which  Galatea  is  drawn  upon 
the  water  by  two  dolphins,  going  in  a  right  line  and  returning  of  herself, 
"while  a  Cyclope  plaies  upon  a  flajolet."  And  the  17th  and  18th  plates 
•hew  Nep.Zune  drawn  by  sea  horses,  preceded  and  followed  by  Tritons, 
sailing  round  a  rock  on  which  Amphitrite  is  reposing,  and  from  which 
water  is  gushing  fofth. 

fountains  for  supplying  the  inhabiia,nts  of  taums  and  cities  are  frequently 
mentioned  in  scripture,  but  it  is  difficult  to  discriminate  between  artificial 
ones  and  those  that  were  natural.  In  the  early  history  of  Rome  some  are 
mentioned.  The  news  of  the  victory  obtained  over  the  Tarquins  and  the 
people  of  Latium  was  conveyed  in  an  incredibly  short  time  by  two  young 
men,  said  to  have  been  Castor  and  Poll'ix,  who  were  met  "  at  the  fountain 
in  the  market-place,^^  at  which  their  horses  foaming  with  sweat  were  drink- 
ing. (Plutarch  in  Paulus  ^milius.)  Statues  of  Jupiter  Pluvius,  of  the 
Egyptian  god  Canopus  and  others,  were  erected  over  fountains,  the  liquid 
issuing  from  different  and  sometimes  from  all  parts  of  the  bodies.  On  the 
day  Jtt  ius  Cadsar  was  assassinated,  he  was  implored  by  Oalphurnia  in 
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eonseqnenee  of  a  dream,  to  remain  at  home  instead  of  meeting  the  sena 
tors  according  to  appointment,  a  circumstance  to  which  Shakespeare  thus 

alludes : — 

Deeitu.    Most  mif  hty  Caesar,  let  me  know  some  eause. 
Lest  I  be  laughed  at  when  I  tell  them  so. 

Cmtar,    Caipiiamia  here,  mj  wife,  stays  me  at  home  ; 
She  dreamt  to>oight  she  saw  m§  statitB, 
Which  like  afamUnn,  with  a  kmmdred  tpmdM, 
Did^riin  pure  blood,  and  many  lusty  Romans 
Came  smiling,  and  did  bathe  their  bands  in  it . 

Pliny  (xxxi,  2.)  speaks  of  a  fountain  from  which  water  ran  **  at  mamy 
pipesJ*  From  excavations  made  at  Pompeii,  it  appears  that  in  almost  every 
street  there  was  a  fountain,  and  that  bronse  statues,  through  which  die 
water  issued  were  common.  Several  have  been  found — four  or  five  are 
boys  of  beautiful  workmanship ;  the  fluid  issued  from  vases  resting  on  their 
shoulders  or  held  under  their  arms,  and  in  some  cases  from  masks.  Paint 
ings  of  elegant  fountains,  from  which  the  water  issued  in  perpendicular 
jets  from  vases,  have  also  been  discovered  both  at  Herculaneum  and 
Pompeii. 

A  circumstance  mentioned  by  Suetonius  in  his  Life  of  Clandius,  tbe 
•uccessor  of  Caligula,  although  not  directly  related  to  this  part  of  our  sub- 
ject, shows  that  Roman  en^neers  were  quite  at  horns  in  devices  analogous 
to  those  moving  and  musical  statues,  which  two  centuries  ago  were  fo 
common  in  European  fountains.  Previous  to  drawing  oiT  the  waters  of 
the  lake  Fucinus,  the  emperor  exhibited  a  naval  conflict,  in  which  19,000 
criminals  were  engaged  against  each  other  in  two  fleets.  An  imm«  ose 
mulcuude  of  spectators  attended.  Claudius  presided  dressed  in  a  cobt  of 
mail,  and  with  him  was  Agrippina  in  a  mantle  o£  cloth  of  gold.  When 
the  two  fleets  were  ready  to  engage,  a  Triton  ^silver  rote  up  in  the  midd 
of  the  lake  and  iounded  the  cJiarge, 

Of  modern  street  fountains  many  curious  ones  are  to  be  seen  in  Italy, 
France  and  Germany,  while  descriptions  of  others,  no  longer  extant,  may 
be  found  in  Misson,  Blaiaville,  and  other  writers  of  the  last  century.  Thirty 
folding  plates,  representing  sgme  of  the  most  remarkable,  are  attached  to 
Switzer's  Hydrostatics.  A  colossal  statue  of  Jupiter  Pluvius,  ij  a  singu- 
lar  stooping  position,  was  designed  for  a  fountain  at  Pratolino,  by  John  of 
Bologna.  The  extremities  are  o£  stone,  but  the  trunk  is  formed  of  brickf 
overlaid  with  cement  that  has  acquired  the  hardness  of  marble.  A  num* 
ber  of  apartments  are  constructed  within  it-— one  in  the  head  is  lighted 
through  the  eye-balls,  which  serve  as  wIimIows.  To  add  to  the  extraordi 
nary  efl*ect,  a  kind  of  crown  is  formed  by  little  jetteux  that  drop  on  the 
shoulders  and  trickle  down  the  figure,  shedding  a  sort  of  supernatural 
lustre  when  irradiated  by  the  sun.  One  hand  of  the  figure  rests  on  the 
rock  as  if  to  support  itself,  while  the  other  is  placed  op  the  head  of  a  lion, 
from  the  mouth  of  which  the  principal  stream  issues. 

A  fountain  designed  by  Michael  Angelo  is  described  by  Sir  Henty 
Wotton  as  'a  matchless  pattern,'  being  *  the  figure  of  a  sturdy  woman,  wash* 
ing  and  winding  linen  clothes ;  in  which  act  she  tcringM  out  tJu  water  that 
made  the  fountain,  which  was  a  graceful  and  natural  conceit  in  the  ard* 
ficer,  implying  this  rule  that  all  designs  of  this  kind  should  be  proper.* 

Of  remarkable  fountains  at  Nuremberg,  Blainville  has  noticed  severaL 
Of  one  he  observes,  *'  Its  basin  is  an  octagon  in  the  middle  of  which  stands 
a  large  brass  pillar ;  from  its  chapiters  project  six  muzzles  of  lions,  each 
of  which  spurts  water  into  the  air  out  of  a  twisted  pipe.  On  the  comi^ 
are  the  six  cardinal  virtues,  which  squirt  water  from  their  breasts.    On  tlis 
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pillar  stands  a  less  one  fluted,  upon  Mrhich  are  six  infants,  every  one  of 
whom  leans  on  an  escutcheon  bearing  the  arms  of  the  empire,  those  of 
Nuremberg  and  other  towns ;  they  are  all  of  them  sounding  trumpets,  out 
of  which  water  jets  in  plenty.  On  the  top  of  this  second  pillar  is  a  fine 
statue  of  Justice,  with  her  sword  in  one  hand  and  her  balance  in  the  other ; 
she  likewise  sends  water  from  her  breasts,  and  supports  herself  upon  a 
large  ostrich  which  spouts  water  most  bountifully.  All  this  is  in  brass 
surrounded  with  an  iron  grate  carved  and  gilt."     (Travels,  i,  197.) 

Another  at  Augsburg  he  thus  describes  :  *'  In  the  middle  of  the  basin  is 
a  double  pedestal,  at  the  foot  of  which  are  several  sphinxes  and  statues 
jetting  water  into  the  basin,  some  by  the  mouth,  others  by  their  breasts, 
and  three  by  trumpet-marines.  On  the  four  corners  of  the  first  pedestal 
are  four  £ne  statues  big  as  life  ;  their  feet  rest  upon  four  very  large  shells 
into  which  they  pour  water,  some  out  of  vases,  others  in  another  fashion. 
Upon  the  top  of  the  second  pedestal  is  a  Hercules  combating  the  Lemean 
Hydra."     (Ibid.  291.) 

Old  writers  represent  Brussels  as  well  supplied  with  water  150  years 
a?o  as  Rome  itself.  There  were  twenty  public  fountains  at  the  corners 
of  the  principal  streets,  and  all  adorned  with  statues.  In  the  herb-market 
were  figures  of  four  beautiful  females  "  squeezing  water  out  of  their 
breasts" — ^a  favorite  device,  and  another  equally  popular  was  adopted  in 
a  splendid  fountain  near  the  Carmelite  church  in  the  same  city  :  "  Tout 
p^^s  de  cette  Eglise  est  le  Manneke-pis,  c'est  la  statue  d'un  gar^on,  elevee 
sur  ane  colonne ;  du  haut,  de  laquelle  il  jette  de  I'eau,  comme  s'it  pissoit, 
par  sa  pipe«  jour  et  nuit,  dans  un  bassin  qui  est  au  pied  de  la  colonne. 
C'^st  une  des  sept  merveilleuses  fontaines  de  la  ville."  (Le  Curieux 
Antiquaire,  tome  i,  175.) 

Shakespeare  often  alludes  to  the  figures  of  old  English  fountains.  In 
Winter's Talbj. Act  iv,  Scene  I,  he  compares  the  old  shepherd  to  "a  weather 
bitten  conduit  of  many  king's  reigns  ;"  that  is,  to  a  statue  from  which  the 
water  flowed.  Henley  in  commenting  on  the  passage  observes  :  "  Conj 
duits  representing  a  human  figure  were  heretofore  not  uncommon.  One 
of  this  kmd,  a  female  form,  and  weather  beaten  still  exists  at  Hoddesdon  in 
Herts."  In  As  You  like  It,  Rosalind  says,  she  will  weep  "  like  Diana  in 
the  fountain" — an  allusion  to  that  erected  at  Paul's  Cross,  where,  after  the 
religious  images  had  been  destroyed,  (see  page  106,)  "  there  was  set  up 
a  curious  wrought  tabernacle  of  gray  marble,  and  in  the  same  an  alabaster 
image  of  Diana,  and  water  conveyed  from  the  Thames,  prilling  from  h^v 
naked  breast," 

DVayton,  a  poet  contemporary  with  Shakespeare,  alludes  to  fountuna 
•nd  their  basins  in  his  Quest  (yf  Cynthia, 

At  length  I  on  a  fountain  light, 

Whnge  brim  with  pinks  was  platted, 
Th«  batiks  with  dafTodilies  dight 

With  grass,  like  aleave  was  matted. 


And  Spencer  in  the  Fairy  Qt^< 

And  in  the  midst  of  all  a  fountaine  stood, 
or  richest  substance  that  on  earth  might  bee, 

So  pure  and  shinfy,  that  the  silver  flood 
Throagh  every  channel  running  one  might  sue. 

Fountains  have  si  ways  been  indispensar^e  adjuncts  in  oriental  gard^^a^ 
and  they  doubtless  formed  coifispicuous  objects  in  those  of  Babylon.  The 
two  fountains  in  the  gardens  of  Alcinous,  from  their  elevated  position  and 
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tbe  abundance  of  water  they  poured  forth,  nrost  have  gready  eontribated 
to  the  beauty  and  effect  of  tbe  surrounding  scenery. 

Two  plenteous  foaDUiu  the  whole  prMpect  erown'd : 

This  torough  the  farden  leads  its  streaiiM  aroand, 

VUiti  each  plant  and  waters  all  the  groand ; 

While  that  m  pipes  beneath  the  paSace  fiowa, 

And  thence  its  eorrent  on  the  town  bestows.         Odj.  tiL    Pipa. 

The  younger  Pliny's  description  of  his  Tuscan  villa  contains  the  only 
detailed  account  extant  of  an  ancient  Roman  garden.  As  miebt  be  sup- 
posed, fountains  and  jets  d'eau  frequc^n^ly  occur.  The  front  of  tbe  house 
need  the  south  and  had  several  porticos.  The  terrace  was  embellished 
with  hedges  of  box,  and  the  lawn  overspread  with  the  soft  acanthus.  At 
one  end  of  the  front  portico  a  dining  room  opened  on  the  terrace,  and 
opposite  the  centre  of  the  portico  there  was  a  small  area  shaded  by  four 
plane  trees,  "  in  the  midst  of  which  a  fountain  rises,  from  whence  the 
water  running  over  the  edges  of  a  marble  basin,  gently  refreshes  the  sur- 
rounding plane  trees  and  the  verdure  underneath  them."  In  the  same 
▼icinity  he  describes  "  a  little  fountain  playing  through  several  small  pipes 
into  a  vase."  Speaking  of  the  view  from  the  front  windows  of  a  spacious 
chamber,  he  observes,  they  look  *'  upon  a  cascade,  which  entertains  atones 
both  the  eye  and  the  ear,  for  the  water  dashing  from  a  g^reat  height  fbancs 
over  the  marble  basin  that  receives  it  below." 

After  mentioning  bathing  rooms  and  other  apartments,  walks,  meadows, 
groves,  trees,  lice.  Pliny  continues — "  In  one  place  you  have  a  little  mea- 
dow, in  another  the  box  is  cut  into  a  thousand  different  forms,  soraeiiraes 
into  leUerif  expressing  the  name  of  the  master,  sometimes  that  of  tbe  artist ; 
whilst  here  and  there  little  obelisks  rise,  intermixed  alternate  with  fruit 
trees  ;  when  on  a  sudden  in  the  midst  of  this  elegant  regularity  you  are 
surprised  with  an  imitation  of  the  negligent  beauties  of  rural  nature.  In 
the  centre  is  a  spot  surrounded  with  a  knot  of  dwarf  plane  trees.  Beyond 
ihese  is  a  wall  planted  with  the  smooth  and  twining  acanthus,  where  the 
trees  are  also  cut  into  a  variccv  of  nameM  and  shapes.  At  the  upper  end 
IS  an  alcove  of  white  marble  shaded  with  vines,  supported  by  four  small 
Carystian  pillars.  From  the  bench  [or  triclinium,  a  species  of  coudk  on 
which  the  Romans  reclined  to  eat]  the  water  gushing  tlirougfa  several 
little  pipes,  iu  if  it  were  pressed  out  by  the  weight  of  the  persons  who 
repose  themselves  upon  it,  falls  into  a  stone  cistern  undemeatK*  whence  it 
is  received  into  a  fine  polished  marble  basin,  so  artfully  contrived  that  it 
is  always  full  without  ever  overflowing.  When  I  sup  here  this  basin 
serves  for  a  table,  the  largest  sort  of  dishes  being  placed  round  the  margin, 
while  the  smaller  ones  swim  about  in  the  form  of  little  vessels  and  water 
fowls.  Corresponding  to  this  is  a  fountain  which  is  incessandy  emptying 
and  filling ;  for  the  water  which  it  throws  to  a  great  height,  falling  back 
into  it,  is  by  means  of  two  openings  returned  as  fast  as  it  is  received," 
This  must  have  been  either  a  modification  of  Heron's  fountain,  (No.  163,) 
in  which  the  water  would  appear  to  be  returned,  or  some  concealed  force 
pump  threw  it  back. 

The  practice  of  eating,  and  even  of  sleeping,  in  gardens  during  the 
summer  months,  has  always  been  more  or  less  common  in  the  East.  In 
Solomon's  Song  it  is  obviously  alluded  to.  "  Thou  that  dwellest  in  tbe 
gardens,"  that  *'  fcedeth  among  the  lilies,  in  a  fountain  of  gardens,**  or 
rather  a  ^rden  of  fountains.  Indeed  a  great  part  of  this  song  seems  to 
refer  to  that  season,  (and  anxiety  for  its  aporoach,)  when  the  custom  wis 
for  the  wealthy  to  remove,  like  Pliny,  to  their  country  villas.  It  was  vefy 
oommon  with  the  rich  Greeks  and  RomaAs,  as  well  as  with  the  Jews  and 
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other  Asiatics,  "  when  the  winter  was  past,  the  rain  over  and  gone ;  when 
the  flowers  appeared  on  the  earth,  and  the  time  of  the  singing  of  birds 
was  come,  and  the  voice  of  the  turtle  heard  in  the  land  ;  when  the  fig  tree 
put  forth  her  green  figs,  and  the  vines  with  the  tender  grapes  gave  a  good 
smell" — to  hie  away  to  tlieir  villas,  and  in  the  figurative  language  of  the 
Easty  to  dwell  in  gardens  and  feed  among  lilies.  The  custom  is  uased  on 
some  of  the  finest  feeiini^s  of  cur  nature,  and  ?t  is  on  such  occasions  only 
that  we  can  realize  some  of  the  most  exquisite  pleasures  which  our  pro- 
genitors in  Eden  enjoyed.  Motezuma,  we  are  informed  by  Solis,  took 
peculiar  pleasure  in  supping  in  his  wardens,  in  v'hich  were  numerous  foun 
tains  and  flowers  "  of  delightful  variety  and  fragrance" 

That  the  Jews  had  fountains  in  their  gardens  and  often  washed  in  the 
basins  during  the  heats  of  summer,  we  learn  from  the  accounts  of  Bath- 
sheba  and  Susannah.  The  fountains  doubtless  being  shaded  with  foliage 
and  trees  like  those  mentioned  by  Pliny. 

Cato  the  censor,  that  terrible  scourge  of  the  luxurious  Romans,  ren- 
dered himself  generally  obnoxious  by  the  reformations  he  introduced. 
Among  other  measures,  *'  he  cut  off  the  pipes  by  which  people  conveyed 
water  from  the  public  fountains  into  their  houses  and  gardens**  probably 
on  account  of  its  excessive  waste  in  ornamental  water-works.  Plutarch 
has  quoted  an  epigram,  from  which  we  learn  that  the  physiognomy  of  this 
celebrated  man,  like  that  of  Socrates  and  Phocipn^  was  not  very  pre- 
possessing. 

With  eyes  to  grey  and  hair  so  red, 

With  tusks  lio  sharp  and  keen, 

Th  a  '1  fright  the  shaden  when  tAou  art  dead, 

And  hdl  wout  let  thee  in.  Lenigkome^s  Trans 

To  give  an  account  of  modem  street  and  garden  fountains  would  be 
an  endless  task.  Descriptions  of  the  most  remarkable,  as  those  in  the 
gardens  of  Frescati  and  Versailles,  are  too  common  to  need  repetition  here. 
Wq  shall  therefore  merely  notice  a  few  singular  ones. 

There  i»  no  doubt  that  the  general  features  and  essential  parts  of  ancient 
fancy  water-works  were  preserved  in  those  of  modern  Italy,  whence  they 
were,  including  water-organs,  spread  over  the  rest  of  Europe.  A  sketch 
of  those  in  the  gardens  at  Pratolino  will  give,  says  an  old  writer,  a  genera] 
idea  of  other  Italian  works  of  the  kind.  "  Besides  Tritons,  Cupids,  and 
other  statues  which  on  a  sudden  cover  you  with  water,  other  streams 
issue  from  between  rows  of  trees,  &c.  You  are  led  into  a  grotto,  of 
which  tho  roof  alone  is  said  to  have  cost  30,000  ducats,  bein^  all  of  coral, 
mother  of  pearl,  and  other  costly  materials ;  the  walls  are  lined  with  the 
same,  and  the  pilasters  adorned  with  an  organ,  which  by  means  of  water 
flays  several  tunes.  Here  your  eyes  are  diverted  with  a  great  variety 
or  moving  figures :  the  god  Pan  strikes  up  a  melodious  tune  with  his 
r/)outh,  at  the  sight  of  his  mistress  standing  before  him.  In  another  grot, 
an  angel  carries  a  trumpet,  puts  it  to  his  mouth,  and  gives  you  a  tune  upon 
it.  lu  another,  a  down  carries  a  dish  of  water  to  a  serpent  ,  which  lifts  up 
its  head  and  drinks  iu  Here  you  have  a  mill  grinding  olives — in  another 
a  paper  mill  with  the  hammers  going.  The  grotto  of  Galatea  shows  her 
comini  out  of  a  door  in  a  sea  chariot  with  two  nymphs,  and  having  sailed 
a  while  upon  the  water  she  returns  the  way  she  came.  In  the  basin  is  a 
large  dolphin  carrying  a  naked  woman  on  his  back,  and  swimming  about 
with  several  other  figures,  all  moving  as  if  alive.  In  another  place,  you 
•ec  &  cur  cos  round  table  fit  to  receive  fifteen  guests,  having  a  fountain 
playing  in  the  midst,  while  other  streams  play  between  every  two  persons 
and  stapply  them  with  water  id  cool  their  wine.     The  woman  of  Samariu 
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appeari  next,  coining  out  of  her  house  with  two  backets,  and  having  fiDed 
them,  goes  back  the  same  way.  Meantime  you  are  diverted  with  smiths 
thumping,  mills  going,  and  otrdi  chirping  en  tree* — all  which  are  set  to 
work  by  the  water." 

In  Dr.  H.  Brown's  Travels,  (Lond.  1685,)  are  figures  of  one  or  two 
ancient  fountains^-one,  in  Carinthia,  of  the  form  of  a  dragon,  from  whose 
mouth  the  water  issued. 

In  the  year  916,  an  embassy  proceeded  from  Constantinople  to  Bagdad 
and  was  received  with  much  pomp  by  the  Caliph  Moctaaer.  '*  lu  the 
midst  of  the  great  hail  in  which  he  gave  audience  to  the  ambassadors 
was  a  tree  of  massy  gcUd,  which  had  (amongst  others)  eighteen  principal 
branches,  whereon  were  birds  of  gold  and  silver,  which  clapped  their 
wings,  and  warbled  various  notes."— (Martigny's  History  of  the  Arabians, 
iii,  323.) 

Marco  Paulo,  in  the  13th  century,  mentions  a  fountain  in  the  gardens 
of  the  "  Old  man  of  the  Mountain,"  which  gave  out  wine,  milk,  and  a 
mixture  o£  honey  and  water.  • 

Rubriques,  in  the  same  century,  saw  a  eUver  tree  at  the  ooart  of  die 
Great  Khan,  which  poured  forth  milk  and  wines  of  different  kinds.  At 
the  foot  were  four  lions,  through  each  of  which  passed  a  tube.  On  the 
summit  was  the  figure  of  an  angel  holding  a  trumpet,  and  which  by  some 
interior  mechanism  was  made  to  sound.  It  was  the  work  of  a  French 
goldsmith. 

This  predilection  for  trees  as  ornaments  for  fountains  and  gardens  seems 
to  have  been  of  a  more  ancient  date.  The  palm  tree  of  brass^  which  vras 
consecrated  to  Apollo  by  Nicias,  and  placed  in  a  field  or  garden  purchased 
by  him,  probably  served  for  a  fountain,  it  must  have  been  of  enormous 
dimensions,  since  a  fragment  that  was  blown  off  by  a  storm  of  wind,  *'  fall- 
ing upon  a  large  statue  demolished  it"  (Plutarch  in  Nicias.)  The 
pedestal  of  this  statue  has  been  discovered.  A  golden  statue  of  Pallas, 
Plutarch  observes,  was  erected  in  the  temple  of  Delphi  on  a  palm  tree 
of  hr€uSt  which  had  gai'den  Jruit.  There  are  two  other  celebrated  trees 
mentioned  in  history,  but  their  uses  are  not  indicated.  We  learn  fram 
Herodotus,  vii,  27,  that  Pythius,  a  native  of  Lydia,  presented  Darius  with 
a  plane  tree  o^ gold.  It  was  worth  5j^  millions  sterling  according  to  Mont- 
faucon.  The  golden  vine  of  Aristobolus  was  valued  at  400  talents.  It 
was  carried  through  Rome  in  Pompey's  third  triumph,  and  afterwaid 
deposited  in  the  temple  of  Jupiter  CapitoHnus.  Another  one,  which 
Alexander  took  at  the  sack  of  Thebes,  was  preserved  at  Rome  in  the 
temple  of  Apollo  in  Pliny's  time.  This  author  has  a  remark  on  the  decay 
of  the  art  of  working  brass,  which  may  here  be  noticed.  He  observes, 
in  former  times  the  artists  worked  to  win  Jame  and  glory ^  **  but  now  as  in 
all  things  else  for  gain  and  lucre  only,"  (xxxiv,  chap.  2.) 

One  of  the  fountains  at  Versailles  was  in  the  form  of  an  oak  tree,  from 
which  the  liquid  was  dispersed  in  all  directions.  (It  is  figured  in  one  of 
the  plates  attached  to  Switzer*s  work.) 

Among  the  garden  water- works  at  Chats  worth  were,  "  I.  Neptune  with 
his  nymphs,  who  seem  to  sport  in  the  waters,  let  out  by  a  cock  in  several 
columns,  and  falling  upon  sea- weeds ;  2.  a  pond  where  sea-horses  con> 
rinually  roll ;  3.  a  tree  of  copper^  resembling  a  willow,  and  by  the  turning 
of  a  cock  every  leaf  drops  water,  which  represents  a  shower;  4.  a  grove 
of  cypress  and  a  cascade  with  two  sea  nymphs  at  top  witli  jars  under 
their  arms ;  5.  at  the  bottom  of  the  cascade  a  pond  with  an  arti/icial  rate^ 
through  which  by  the  turning*  of  a  cock  the  water  asce  ids,  and  hangs  is  i 
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the  air  in  the  figure  of  that  flower ;  6.  another  pond  with  Mercury  point- 
ing at  the  gods  and  throwing  up  water."— Lona.  Mag.  1762,  p.  7. 

Bell,  in  his  account  of  the  Russian  embassy  to  Ispahan,  notices  those  in 
the  gardens  of  the  Scah.  In  front  of  the  Hall  of  Audience  was  "  a  large 
fountain  of  y^^^^  water,  which  springs  upward  in  three  pipes  and  falls 
into  a  basin  fillad  with  roses,  jessamines,  and  many  other  nne  flowers." 
V  In  one  of  the  public  gardens  of  Brussels,  among  other  water- worlds  was 
an  hydraulic  organ .-<--( Le  Curieux  Antiquaire,  tome  i,  175.) 

The  old  device  of  artificial  music  combined  with  fountains,  is  thus  men- 
tioned in  the  17th  Proposition  of  Worcester's  Century  of  Inventions  :— 
"  How  to  make  upon  the  Thames  a  floating  garden  of  pleasure,  with  trees, 
flowers,  banqueting  houses  and  fountains,  stews  for  all  kinds  of  fishes,  a 
reserve  for  snow  to  keep  wine  in,  delicate  bathinj?  places  and  the  like ; 
with  music  made  with  mills,  and  all  in  the  midst  of  the  stream  where  it  is 
most  rapid. 

Fountains  were  often  placed  within  ancient  public  buildings  as  well  as 
Lear  them.  They  were  common  appendages  to  temples,  and  the  custom, 
as  mentioned  in  our  first  book,  is  still  retained  by  the  Turks  and  other 
Asiatics.  Henry  Blount  visited  Adrianople  in  1624,  and  in  describing 
the  mosque,  says,  there  were  "  iennt  conduits  with  cocks  on  the  north 
side,  ana  as  many  on  the  south  for  people  to  wash  before  divine  ser- 
vice ;  to  which  use  also  on  the  west  side  in  the  church-yard,  are  thirty  or 
forty  cocks  under  a  fountain,  so  sumptuous,  as  excepting  one  at  Palermo, 
I  have  not  seen  a  better  in  Christendome."-— (A  Voyage  into  the  Levant, 
Lond.  1638.) 

During  hot  weather,  Augustus  the  Roman  emperor  slept  (observes 
tineronius)  with  his  chamber  doors  open,  ''  and  frequently  in  a  portico  with 
waters  playins  around  him." 

"  In  tne  miadle  of  the  square  of  the  Coliseum  is  a  pretty  remarkable 
piece  of  antiquity,  (says  Blainville,)  though  very  little  minded  by  most 
people.  Here  stood  anciently  a  beautiful  fountain,  adorned  with  the  finest 
marbles  and  columns ;  and  on  the  top  was  a  bronze  statue  of  Jupiter, 
from  which  issued  great  plenty  of  water,  as  may  be  seen  on  the  reverse 
of  one  of  Titus'  :ziedals.  They  called  it  Meta  Sudans  :  meta,  because  it 
was  made  in  the  form  of  a  goal ;  and  wdatu,  sweating,  because  of  the 
water  running  from  the  several  parts  of  the  statue.  This  fountain  was  of. 
great  use  both  to.  the  spectators  and  the  gladiators  in- the  amphitheatre  to 
refresh  themselves.  Pope  Alexander  Vll.  caused  it  to  be  repaired,  but 
since  hi6  time  it  has  been  entirely  neglected." — (Travels,  vol.  ii,  535.) 

The  theatres  of  the  Romans  were  fitted  up  with  numerous  concealed 
pipes  that  passed  in  every  direction  along  the  walls^  and  were  connected 
to  cisterns  of  water  or  to  machines  for  raising  the  latter.  Certain  parts  of 
the  pipes  were  very  minutely  perforated,  and  were  so  arranged  that  by 
turning  one  or  more  cocks,  the  liquid  escaped  from  them  apd  descended 
upon  the  audience  in  the  form  of  dew  or  extremely  fine  rain.  This  effec- 
tually cooled  the  heated  air,  and  must  have  been  exceedingly  refreshing 
to  the  immense  multitudes,  especially  in  such  a  climate  aa  Italy.  On 
so'me  occasions  the  water  was  scented  with  the  richest  perfumes.  Thus 
Hadrian,  in  honor  of  Trajan  his  father,  commanded  water  impregnated 
with  saffron  and  balsam  to  be  sprinkled  on  the  |>eoplo  at  the  theatres* 
The  dining  rooms  'of  Nero's  golden  house  were  ceiled  in  such  a  manner, 
that  the  attendants  could  make  it  rain  either  flowers  or  liquid  perfumes. 
At  one  feast  100,000  crowns  were  expended  in  perfumed  waters.  Sue- 
tonius says  they  were  discharged  from  "  secret  pipes"  The  statues  that 
adorned  the  interior  of  the  theatres  were  made  to  sweat  perfumes  on  the 
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audience.  This  was  aecompIiBlied  by  making  them  hollow,  drilling  in 
them  an  infinite  number  of  small  holes,  and  connecting  them  by  secret 
tubes  to  reservoirs  of  scented  waters.  The  practice  is  alluded  to  by  several 
authors,  and  among  others  by  Lucan  in  the  following  passage  : — 

Ai  when  miii^tj  Rome'i  ■pactstora  meet 
In  the  full  theatie't  oapecioiui  leat; 
«  At  once  by  secret  pipes  and  channels  fed 

Rich  tinctures  gash  Irem  every  antique  head  ; 
At  once,  ten  thousand  saffron  currents  flow, 
And  rain  their  odors  on  the  crowd  below. 

Sometimes  rich  people  left  by  their  wills  sums  of  money  to  furnish 
these  perfumes  and  the  apparatus  for  dispersing  them.  An  example  is 
given  by  Mafiei  in  his  '  History  of  Ancient  Amphitheatres.'  (Lond.  1730, 
p.  168.)  A  Roman  lady  bequeathed  funds  to  celebrate  a  hunting  of  wild 
Deasts  in  the  amphitheatre,  and  she  ordered  that  saliemiee  should  be  made. 
This  term  Mafiei  understood  to  mean  *'  those  hidden  channels  or  pipes  by 
which  with  wonderful  artifice,  [as  is  twice  mentioned  by  Seneca,]  they 
caused  odoriferous  liquid  to  spring  up  from  the  bottom  to  the  top  of  the 
amphitheatre,  which  then  jetted  and  spread  itself  in  die  air  like  a  very 
fine  shower  of  rain." 

The  custom  might  be  adopted  with  advantage  in  modem  theatres :  it 
would  render  visits  to  these  crowded  places  more  agreeable  and  less  in- 
jurious to  health.  Why  can't  the  managers  announce  it  in  their  "  bills,** 
among  other  inducements,  just  as  their  predecessors  did  eighteen  centuries 
since  1  One  of  the  notices  of  a  public  entertainment  in  Pompeii  has  been 
found  written  on  the  walls  of  a  bath  in  that  city.  It  is  in  these  words : — 
*'  On  occasion  of  the  dedication  of  the  baths,  at  the  expense  of  CnsBUS 
Alleius  Nigidius  Mains,  there  will  be  the  chase  of  wild  beasts,  athletic 
contests,  tpntMing  t^f  perfumes,  and  an  awning." — (Pompeii,  vol.  i,  148.) 

Fountains  fir  cooling  the  air  should  constitute  part  of  the  ordinary  ap- 
pendages to  ekurchee,  as  much  as  apparatus  for  neating  and  lighting  them. 
They  should  be  considered  by  us,  as  they  were  by  the  ancients,  essential  to 
the  health  as  well  as  comfort  of  large  assemblies  of  people.  They  certainly 
are  as  necessary  here,  especially  in  the  Southern  states,  as  they  were  in 
southern  Europe.  Their  construction  is  so  simple,  their  modificarions  so 
various,  their  applicat^on  so  universal,  and  their  effects  so  beneficial  and 
ekeap,  that  it  is  surprising  they  have  not  been  introduced.  We  don't  see 
why  a  person  might  not  be  as  innocently  employed  in  pumping  water 
during  worship  to  supply  a  fountain  or  jet  d*eau,  as  in  pumping  air  into  the 
pipes  of  an  organ.  But  it  is  unnecessary,  for  where  the  fluid  would  not 
rise  sufficiently  high  from  public  reservoirs  or  pipes  that  pass  through  the 
streets,  it  might  be  elevated  into  a  reservoir  in  the  roof  the  day  previous 
to  the  sabbath.  In  this  use  of  fountains  ancient  architects  were  clearly 
in  advance  of  ours.    ' 

The  custom  of  cooling  the  air  in  pnvate  apartments  is  of  great  antiquity 
in  Asia,  and  is  still  kept  up  in  the  dwellings  of  princes.  See  a  plate 
in  Generale  Histoire,  tome  xiii,  p.  311,  representing  a  private  apartment 
in  the  seraglio  of  one  of  the  generals  of  Aurengzebe.  An  octagon  basin 
with  a  handsome  jet  is  in  the  centre  of  the  room,  with  in'ages  of  birds 
floating  in  the  water.  On  the  l>orders  of  the  basin  are^rays  with  refre^ 
ments,  and  the  company  reclining  around  on  carpets,  much  in  the  same 
manner  in  which  Pliny  represents  himself  and  friends  feasting  around  a 
fountain  in  his  garden. 

Henry  Blount  describing  one  of  the  palaces  at  Cairo  in  1624,  observes, 
**  Tn  the  chiefe  dining  chamber^  according  to  the  capacitie  o^  the  room«^  if 
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made  one  or  more  richly  gilt  f^juotains,  which  through  secret  pipes  tup- 
plies  ID  ihe  middle  of  the  roome  a  daintie  poole,  which  is  so  neaily  kept, 
the  water  an  cleare,  as  makes  apparent  the  exquisiie  mosaik  at  the  hot- 
tome     Herem  are  preserved  fish  which  have  orten  taken  bread  out  of  my 

SoiEftimei  the  jet  is  made  to  (all  into  bauDS  filled  with  flowers,  the 
odor  of  which  is  dispersed  in  the  spray.  Bell  describes  the  halt  of  audi- 
ence at  Ispahan  as  a  most  magnificent  room,  lined  with  mirrors  of  various 
siies,  the  floor  covered  with  carpets  of  silk  interwoven  with  branches 
and  folia^  of  gold  and  silver.  In  the  centre  were  two  basins  in  which 
•evenl  pipes  spouted  water  that  fell  among  roses  and  other  flowers  and 
produced  a  fine  effect.  Another  fountain  at  the  entrance  threw  the  water 
•o  high  that  it  fell  like  a  thick  rain  or  dew  which  concealed  the  Schah  from 
those  on  the  opposite  side. 

See  remark*  on  the  introducdon  of  portable  fountains  into /ripote  dwel- 
Uqics  at  page  361. 


That  andent  farmers  occasionally  conveyed  water  through  pipes  into 
fields  for  the  use  of  their  stock,  as  is  now  sometimes  done,  appears  from 
the  .above  cut,  from  a  basso  relievo  preserved  in  one  of  the  museums  at 
Rome.— (D'Agincourt's  History  of  the  Fine  Arts.     Sculp.  Plate  I,) 

It  has  already  been  remarked,  (pp.  1^,  170,)  that  the  old  Mexicans  and 
Peruvians  had  fountains,  from  which  the  fluid  issued  through  figures  of 
snakes  and  crocodiles. 

There  is  reason  to  believe  that  three  and  four  way-cocks  were  anciently 
employed  in  fountains  :  they  are  to  be  found  in  the  old  water-works  of 
Italy  and  France.— {See  L'Art  du  Plombier  in  Arts  et  Mdtieres,  4to.  edit, 
p.  660,  plancbe  xiii.) 
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CLl»flviwm  AiiB  Htdkavlic  OftOAmt  TIbm  BMMwvd  bjr  the  wia— Ob«lirtt    IMrt  ia 
TIm«  4MM«iro4  io  the  oifkc  by  alow  vaiehea,  caadiM,  *e^— Modes  oT&BaoaMiaf  Ike  koiin-^  Jaci  at 
the  cloeli*'--Clep>ydr«— Their  eunoin  orif in  in  Efypt— Their  vialeCy^-Uaed  by  the  fliimaw,  Hiadeei^ 
Chineee,  4tc.— Ancient  hour-flanee— Indexes  to  wnter-clocki    Bead  eioeke  ia  Chiae— MaiiriJ  dock  ef 
f  Into— Clock  carried  in  triumph  by  Pompey— Clepaydra  of  Cleaibiaa— Clock  preaented  to  Chwlae  T. 
Modern  Clepaydr*— Hour-fflaaaes  in  eofllna— Dial  of  the  PemTiaaai    HrotAOuc  OtsAas;  Ii 
^•eerihed  by  Herna  and  Vkniviae^PUla,  AreUmedai^  Platarah,  Pliay,  Sa6lM»aiaK,  8L 
eaai  Ihm  Conalaatiaople  to  Pepia— Water  orfana  of  Looia  Deboaaaire— A  mnmu 
vhile  heariaf  oaa  play— Orfaaa  laade  by  Moaka— Old  RofaL 

CLBP8YDR4  and  water  organs  are  not  strictly  included  in  the  general 
design  of  this  volume ;  but  as  they  are  ancient  devices  in  which  water 
performed  an  important  part,  and  as  they  undoubtedly  contributed  to  the 
improvement  of  hydrauhc  machinery,  and  moreover  gave  rise  to  clocks 
and  watches,  we  were  unwilling  to  omit  them. 

Sun-dials  were  the  earliest  means  employed  to  note  the  lapse  of  time. 
Country  people  in  all  ages  have  marked  the  passing  hours  by  the  shadow 
of  a  tree,  a  post,  the  corner  of  a  house,  or  any  other  permanent  object ; 
Oiese  were  natural  gnomons,  while  the  ground  upon  which  their  shadows 
were  thrown  served  as  dials.  In  cities,  artificial  objects  were  necessary ; 
hence  the  obelisks  of  the  Egyptians  and  other  ancient  people.  These  gno- 
mons were  placed  in  open  ana  conspicuous  places  for  public  convenience, 
and  many  of  them  from  their  great  elevation  threw  their  shadows  to  a 
considerable  distance.  Sometimes  their  pedestals  ftrmed  magnificent 
buildings.  When  Dion,  after  delivering  die  Syracusans,  spake  to  them 
on  the  tyranny  of  Dionyslus,  Plutarch  s^s,  he  stood  upon  a  lofly  sun-dial 
erected  by  the  tyrant :  "  at  first  it  was  considered  by  the  soothsayers  a 
good  omen  that  Dion,  when  he  addressed  the  people,  had  under  his  feet 
the  stately  edifice  which  Dionysius  had  erected  ;  but  upon  reflecting  that 
this  edifice  on  which  he  had  been  declared  general,  was  a  sun-dial,  they 
were  apprehensive  his  present  power  might  fall  into  speedy  decline.** 
*'  The  dial  of  Ahaz"  seems  to  have  been  a  public  building  of  a  similar 
description.  The  governors  of  provinces  in  Cfhina  assemble  on  the  '^time- 
telling  towers"  on  public  occasion.  (Atlas  Chinensis  of  Montanus,  p.  594.) 
The  Peruvians  had  pillars  erected  for  measuring  time  by  the  sun.  SmaU 
dials  were  anciently  made  of  brass  or  other  metals  and  placed  upon  columns, 
or  were  attached  to  public  buildings.  Vitruvius  has  described  several 
in  book  ix.  of  his  Architecture,  and  among  them  one  by  Berosus  the 
Chaldean. 

But  dials  are  only  serviceable  while  the  sun  shines.  During  cloudy 
weather  and  after  sun-set  they  are  useless ;  other  devices  are  therefore 
required  to  mark  the  fleeting  hours.  Of  ancient  contrivances  for  this  pur- 
pose there  were  two  whose  action  depended  one  upon  fire  and  the  other 
on  water,  vis :  by  burning  slow  matches,  powder,  or  candles,  and  by 
water-clocks.  The  former  were  used  by  the  Anglo-Saxons,  (see  p.  350,) 
and  are  still  common  in  Japan,  and  probably  other  Asiatic  countries 
Nieuhoff,  in  his  account  of  the  Dutch  embassy  to  China,  tays,  the  Chinese 
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have  inBtruments  to  show  the  hour  of  the  day  which  operate  by  fire  and 
water.  Those  that  depend  upon  fire  "are  made  of  perfumed  ashes/' 
(Ogilby's  Trans.  1673,  p.  159.)  This  is  too  vague  to  convey  an  idea  ot 
their  construction ;  but  from  Thunberg's  account  of  those  he  saw  in  Japan, 
we  at  once  learn  what  they  were.  For  the  mensuration  of  time,  observes 
that  enlightened  traveler,  the  Japanese  use  the  bark  of  the  skimmi  (5cnise 
tree)  finely  powdered.  A  box,  12  inches  long,  being  filled  with  ashes, 
small  furrow  s  are  made  in  the  ashes  from  one  end  of  the  box  to  the  other, 
and  so  on  backwards  and  forwards  to  a  considerable  number.  In  these 
furrows  is  strewed  fine  powder  of  skimmi  bark,  and  divisions  are  made 
for  the  hours.  The  powder  is  ignited  at  one  end  of  a  groove,  it  consumes 
very  slowly,  and  the  hours  are  proclaimed  by  striking  the  bells  of  the 
tempies.  (Travds,-  iii,  228.)  Time  is  also  measured  m  Japan  by  burn- 
ing matches,  twisted  like  ropes  and  divided  by  knots.  When  one  of  these 
after  being  lighted  has  burned  down  to  a  knot,  and  thereby  denoted  the 
lapse  of  a  certain  portion  of  time,  an  attendant  announces  it  by  a  certain 
number  of  strokes  on  bells  near  their  temples,  if  in  the  day  time  ;  but  in 
the  night,  by  striking  two  pieces  of  wood  against  each  other. — (Ibid.  88.) 

In  ail  ancient  devices,  the  passing  hours  were  announced  by  men  ap- 
pointed for  the  purpose,  a  custom  still  continued  over  all  Asia.  Sometimes 
It  was  done  by  the  voice.  Thus  the  Turks  have  an  officer  (with  strong 
lungs)  on  the  top  of  every  mosque  who,  stopping  his  ears  with  his  fingers, 
proclaims  with  a  loud  voice  the  break  of  day,  noon,  three  in  the  afternoon, 
and  twilight.  Martial  the  Roman  satirist,  refers  to  a  similar  practice,  and 
AthensBus  mentions  **  a  mercenary  hour-teller."  Allusions  to  the  same 
custom  are  to  be  found  in  the  Bible — that  which  ye  have  spoken  in 
closets  *'  shall  be  proclaimed  upon  the  house  tops."  But  the  more  genera] 
mode  was  that  which  is  still  so  common  in  the  East,  viz.  by  striking  a  bell, 
drum,  pong,  or  some  other  sonorous  instrument,  and  distinguishing  the 
different  hours,  as  in  our  clocks,  by  the  number  of  strokes.  In  modern  ages 
in  Europe  before  the  striking  parts  of  town  clocks  were  iirvented,  men 
struck  the  hour  on  ^  bell,  and  long  after  these  officers  were  dispensed  with 
figures  of  men  were  made  as  ornaments  to  perform  the  same  duty.  To 
these  "  Jacks  of  the  clock,"  Shakespeare  and  other  writers  of  his  age  often 
refer.  Such  clocks  are  still  extant :  the  one  attached  to  St.  Dunstan's 
church  near  Temple  Bar,  London,  is  often  mentioned  by  writers  of  the 
last  century,  and  we  believe  is  still  to  be  seen. 

Some  authors  attribute  the  invention  of  water-clockt  to  Gtesibius,  and 
others  suppose  they  were  first  used  under  the  Ptolemies ;  but  both  are 
mistakes :  they  were  doubtless  greatly  improved  by  the  Alexandrian 
mathematician,  and  probably  reached  the  acme  of  perfection  under  the 
successors  of  Alexander.  In  India/  Egypt,  Chaldea  and  China,  clepsydras 
date  back  beyond  all  records.  They  were  known  at  an  early  period  in 
Greece.  Plutarch  mentions  them  in  his  life  of  Alcibiades,  who  nourished 
in  the  fifth  century  B.  C.  when  they  were  employed  in  the  tribunals  at 
Athens  to  measure  the  time  to  which  the  orators  were  limited  in  their 
addresses  to  the  judges.  Demosthenes  and  his  great  rival  ^schines 
alludv.  to  this  use  of  them.  Plato  had  water-clocks,  and  to  him  was  attri- 
buted  their  introduction  into  Greece.  Plutarch  in  his  Philosophy,  observes, 
that  Empedocles  illustrated  the  act  of  respiration  by  "  a  clepsidre  water 
hour-glass."  (Opin.  of  Philos.)  Julius  CtBsar  found  the  Bntons  in  pos- 
session of  them.  Pliny  (book  vii,  60.)  says,  men  announced  with  the  voice 
the  hours  from  the  shadow  of  the  sun,  and  that  Scipio  Nasica  set  up  the  first 
clepsydra  "  to  divide  the  hours  of  both  day  and  night  equally,  by  water 
diswUling  r-nd  dropping  out  of  one  vessel  into  another." 
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The  ancienUi  had  varioas  modifications  of  wateivclockt,  some  were  ez« 
oeedingly  timplet  and  others  elaborately  constructed,  and  the  fonns  an«i 
decorations  .wonderfully  diversified ;  but  the  principle  was  more  or  lesii 
the  same  in  all,  vis.  water  trickling  through  a  minute  channel  from  one 
vessel  into  another.  The  instruments  were  made  of  various  materials 
from  glass  to  gold,  and  of  sises  differing,  like  modem  clocks,  from  large 
ones  permanently  erected  for  public  use  to  such  as  were  carried  in  the 
hand. 

Valerianus,  who  wrote  in  the  16th  century,  says  the  priests  of  BgypC 
divided  the  day  into  tweloe  hours,  because  the  cynocephaJus,  a  sacred  ani^ 
mal,  was  observed  to  make  a  violent  noise  at  those  times,  and  to  void  urine 
as  often.  Cicero  mentions  a  tradition  of  Trismegpstus  observing  the  same 
thing.  The  EgypUans,  therefore,  ornamented  their  water-clocks  with 
figures  of  apes,  and  some  were  of  the  form  of  those  animals  urinating ; 
hence  it  would  seem  that  this  singular  people  not  only  derived  enemas 
from  studying  the  habits  of  the  ibis,  but  were  led  to  construct  clepsydiss 
from  noticing  those  of  monkeys. 

As  it  is  impossible  to  five  anything  like  a  history  of  these  machines  in 
this  volume,  we  shall  notice  a  few  only,  but  sufficient  to  give  a  general  idea 
of  their  construction  and  variety.  Sometimes  an  empty  basin  with  a 
minute  opening  through  its  bottom  was  placed  floating  m  a  cistern  of 
water ;  the  fluid  gradually  entering  filled  it  in  an  hour,  half  an  hour,  or 
some  other  determinate  time.  It  was  then  emptied  and  allowed  to  swmi 
as  before ;  as  soon  as  it  became  filled,  a  gong  or  other  instrument  was 
sounded  for  the  information  of  the  public. 

''  The  Siamese  measure  their  time  by  a  sort  of  water-clock,  not  like  the 
clepsydra  of  old,  wherein  the  water  descended  from  above,  but  by  forcing 
it  upwards  through  a  small  hole  in  the  bottom  of  a  copper  cup  placed  in 
a  tub  of  water.  When  the  water  has  sprung  up  so  long  that  the  cup  is 
full,  it  sinks  down,  and  those  that  stand  by  it,  forthwith  make  a  noise  widt 
basons,  signifying  that  the  hour  is  expired."  (Ovington's  Voyage  to  Surat 
in  16S9.  p.  281.) 

The  gkurree  al,  or  clepsydra  of  the  Hindoos,  consists  of  a  thin  brass  cup 
having  a  hole  in  the  bottom.  **  A  large  vessel  is  filled  with  water  and  this 
cup  placed  on  the  surface ;  the  water  rises  through  the  hole,  and  when  it 
has  reached  a  height  marked  by  a  line  previously  adjusted,  the  watchman 
strikes  the  hour  with  a  wooden  mallet  on  a  pan  of  bell  metal." — (Sho- 
berl's  Hind,  v,  167.) 

In  other  devices,  time  was  measured  by  emptying  the  vesseL  Valeria- 
nus  observes,  that  the  priests  of  Acanta,  a  town  beyond  the  Nile,  poured 
water  every  day  into  a  vessel,  by  the  dropping  of  which  through  a  small 
hole  they  measured  the  hours. — (Harris'  Lfex.  Tech.) 

Dr.  Fryer,  wno  visited  India  in  the  17th  century,  obserred  the  EDnr 
does  measuring  time  "  by  the  dropping  of  water  out  of  a  brass  basin."— 
(Travels,  186.) 

It  is  obvious  that  by  adapting  the  size  of  an  opening  in  the  bottom  of  a 
vessel,  the  entire  contents  of  the  latter  might  be  made  to  flow  out  in  a 
certain  time  and  with  tolerable  accuracy ;  but  in  refilling  it  great  cars 
was  required  to  introduce  precisely  the  same  quantity.  To  accomplish 
this,  luith  the  vessel  and  receiver  were  closed  on  all  sides  and  connected 
together^^  so  that  when  the  proper  quantity  of  fluid  was  once  introdaced» 
it  couM  neither  escape  by  leakage  or  evaporation.  Both  vessels  were 
shaped  like  a  pear  and  united  eU  the  emaUer  emde^  through  which  the  passage 
£oT  the  fluid  was  made ;  and  sometimes  sand. was  used  instead  oi  water. 
Hence  the  hour-glass  of  modern  days,  the  only  modification  of  ancient 
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elepsydrflB  which  modern  nations  continue  to  use.  NieuhofF  observes  of 
Chinese  water-clocks,  "  they  bear  a  resemblance  to  some  great  hour- 
glasses in  shape ;"  and  he  says,  in  several  sand  was  used  instead  of  water. 
On  an  ancient  bas-relief  at  Rome,  representing  the  marriage  of  Thetis  and 
Peleus,  Morpheus  holds  an  haur-gktis  ;  and  from  Athenseus  we  learn  that 
the  ancients  carried  portable  ones  about  with  them  somewhat  as  we  do 
watches. 

•  In  another  variety  of  clepsydrsB,  the  sides  of  the  vessel  from  which  the 
fluid  escaped  were  graduated,  somewhat  like  chemists'  measuring  glasses. 
and  the  hours  announced  as  the  descending  surface  of  the  fluid  reached 
the  marks.  If  the  vessel  was  of  a  cylindrical  or  cubical  figure  the  distance 
between  the  marks  was  not  uniform,  because  the  water  escaped  fastest  al 
first,  in  consequence  of  the  greater  pressure  of  the  column  over  the  orifWe, 
jirhich  pressure  constantly  diminished  with  the  efflux  ;  the  surface  of  the 
fluid  could  not  therefore  descend  through  equal  spaces  in  equal  times. 
When  such  formed  vessels  were  used,  the  relative  distances  of  the  marks 
were  probably  determined  by  experiment,  although  they  might  have  been 
by  calculation.  Sometimes  the  vessels  were  funnel-shaped,  the  angle  of 
Uieir  sides  being  so  adjusted  that  an  equal  distance  could  be.presei*ved 
between  the  marks— unequal  quantities  of  the  fluid  escaping  in  equal 
times.  These  instruments  were  gei^rally  made  of  glass,  and  a  cork  or 
some  floating  image,  to  which  a  needle  was  secured,  pointed  out  the  hour 
as  the  water  sunk.  Pancirollus  says,  the  small  holes  were  edged  with 
gold. 

In  some  clepsydrso  the  fluid  was  received  into  a  separate  vessel  to  raise 
a  floating  image  that  pointed  as  an  index  to  the  hours.  Sometimes  a  hoy 
with  a  rod.  Time  with  his  scythe,  and  Death  with  a  dart.  In  this  variety 
of  the  instrument,  it  was  desirable  that  the  quantity  of  fluid  discharged  into 
the  vessel  should  be  uniform  at  all  times ;  and  to  effect  this,  the  floating 
siphon,  No.  239,  was  sometimes  used.  Such  we  presume  was  the  clepsydra 
of  Orontes,  which  was  made  '*  in  the  form  of  cL  small  ship  floating  on  the 
water,  and  which  emptied  itself  by  means  of  a  siphon  placed  in  the  middle 
of  it."  Dr.  Harris,  not  aware  of  the  property  of  a  floating  siphon,  could 
not  perceive  how  the  hours  were  made  equal  by  this  contrivance,  which, 
he  observes,  Orontes  devised  to  remedy  the  une^[tuU  fiow  of  water  from 
an  open  vessel.— (Lex.  Tech.) 

Nieuhoff  noticing- the  numerous  towns  in  China,  upon  the  greater  part 
of  which,  he  observes,  were  clepsydras,  says,  '*  upon  the  clock-house  tur- 
rets stands  an  instrument  which  shows  the  hour  of  the  day  by  means  of 
water,  which  running  from  one  vessel  into  another  raues  a  hoards  upon 
which  is  portrayed  a  mark  for  the  time  of  day  ;  and  you  are  to  observe, 
there  is  always  a  person  to  notice  the  time,  who  every  hour  signifies  the 
same  to  the  people  by  beating  upon  a  drum,  and  hanging  out  a  board  with 
the  hour  writ  upon  it  in  large  letters."  (Ogilby,  Trans.  196.)  Montanus 
says  these  letters  were  "  a  foot  and  a  half  long."  See  also  Purchas*Pil- 
grimage,  499. 

In  another  class  of  ancient  clepsydras,  the  water  dropped  upon  an  over- 
shot wheel,  which  turned  an  index  in  the  centre  of  a  circle,  round  which 
the  hours  were  marked  ;  hence  our  clock  and  watch  dials.  "  The  Chinese 
have  other  instruments  to  know  the  hour  of  the  day,  being  somewhat  like 
our  clocks  with  wheels,  and  they  are  made  to  turn  with  sand  as  mill- 
wheels  are  with  water."  (Nieuhofl*.)  At  last  solid  weif^hts  were  intro- 
duced ill  place  of  water,  and  by  means  of  cords  ^ve  motion  to  the  index, 
and  thus  opened  the  way  still  more  for  the  introouotion  of  modern  clocks. 

It  would  appear  from  the  description  of  clepsydras  by  Vitruvius  and 
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otfier  wr.ters,  that  the  ancients  had  carried  these  machines  to  veiy  great 
perfection ;  and  as  regards  ornament,  they  probably  excelled  many  of 
our  mantel  time  pieces.  They  were  even  combined  with  mojac.  Thus 
Plato  had  one  that,  daring  the  night,  when  the  index  of  the  dial  could  not 
be  seen,  announced  the  time  by  playing  upon  flutes.  AchensBUs  also  con 
stntcted  one  that  indicated  the  hours  by  sounds,  produced  by  the  com- 
pression and  expulsion  of  air  by  water — the  same  principle  as  Plato's. 
Petrarch  in  enumeradng  the  spoils  of  Asia  which  Pompey  exhibited  at 
his  third  triumph,  besides  cups,  chests  and  beds  of  gold,  a  mountain  of  the 
same  metal,  with  statues  of  harts,  lions  and  other  beasts ;  trees,  and  all 
kinds  of  fruits  formed  of  pearls  suspended  from  golden  branches,  &c 
continues,  "Of  the  same  substance,  there  was  a  docke,  so  cunningly 
wA>ught  that  the  woorkmanshyp  excelled  the  stuiFe,  and  which  conti- 
nually moved  and  turned  about-— a  right  woonderfuU  and  strange  sight" 
— (*'  Phisicke  against  Fortune,"  translated  by  T.  Twyne.  Lond.  1579, 
F.  120.) 

The  want  of  uniformity  in  the  going  of  ancient  water^elocks  was  noticed 
by  Seneca,  and  compared  to  the  differences  of  opinions  entertained  by 
philosophers  ;  and  Charles  V.  after  shedding  rivers  of  blood  to  make  men 
Oelieve  the  dogmas  he  wished  to  impose,  amused  himself  in  his  retire-^ 
ment  in  the  construction  of  watcheS|»and  was  surprised  that  he  could  not 
make  two  go  alike. 

No.  272  represents  one  of  the  improved  clepsydra  of  Otesibius,*  &om 
Perrault's  Translation  of  Vitruvius.^  It  presents  several  interesting  par^ 
ticulars  relating  to  the  state  of  the  useful  arts  upwards  of  twenty  centuries 
ago,  and  is  better  calculated  to  impart  information  to  mechanics  respect- 
ing the  ingenuity,  and  even  thd  workshops  and  tools,  of  their  ancient 
brethren,  than  reams  of  letter-press.  Besides  carving,  turning,  fonnd- 
mg,  &c.  Sec. — ^it  shows  the  practical  application  of  water  to  move  over- 
shot wheels — the  art  of  transmitting  motion  and  of  changing  its  direction 
by  toothed  wheels — it  exhibits  the  same  principle  of  measuring-  time  as 
practised  by  our  clock  and  watch-makers,  vis.  by  proportioning  the  num- 
ber of  teeth  on  wheels  to  those  on  the  pinions  between  which  they  work. 
The  application  of  the  siphon  is  also  interesting,  being  the  same  as  is  used 
to  illustrate  the  action  of  intermitting  springs.  Upon  this  instrument  the 
renewal  of  the  diurnal  movements  of  the  machinery  depended :  its  effect 
being  similar  to  that  of  winding  up  an  ordinary  clock.- 

This  clepsydra  consisted  of  a  cylindrical  column  placed  on  a  square 
oedestal,  within  which  the  mechanism  was  concealed.  The  hours  for 
both  day  and  niffht  were  marked  upon  the  column ;  their  inequality  at 
different  seasons  being  measured  by  unequal  distances  between  the  curved 
lines  and  by  the  revolution  of  the  column  round  its  axis  once  a  year.  On 
the  pedestal  are  seen  the  figures  of  two  boys,  one  of  which  was  immove- 
able, but  the  other  rose  and  pointed  out  the  different  hours  with  his  wand. 
Water  f supplied  from  some  reservoir  by  a  concealed  pipe)  continually 
dropped  from  the  eyes  of  the  figure  on  the  left,  and  falhng  into  a  disk 
was  conveyed,  by  a  horizontal  channel,  under  the  feet  of  the  other  figure, 
where  it  trickled  into  a  deep  vessel,  or  large  vertical  tube,  whose  lower 
end  was  closed.  In  this  tube  a  float  was  made  to  rise  and  fall  with  the 
water,  and  being  attached  to  the  feet  of  the  figure  with  the  wand  caused 

it  tc  rise  also,  and  thus  to  indicate  the  lapse  of  time.     At  the  •nd  of  fA 

• 

*  There  was  another  tticient  phiTrMopher  of  the  same  name,  Cteeibiot  af  Cbalds. 
^  In  Barbnro'a  Viuu^ius,  Venice,  1567,  there  are  fi|puies  of  two  otfaeis  eqaally  infe- 
aioas,  bat  rather  more  complex. 
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fcoan  the  tube  would  be  SUed,  and  tbe  figure  near  the  top  of  the  column.  ■ 
It  WM  then  that  the  liphon  came  into  play.  Its  short  leg,  as  represenred 
in  the  cut,  waa  connected  to  the  lower  part 
of  the  tube  that  contained  the  float,  and  iu 
bend  reached  as  high  aa  the  upper  end  of 
the  tube.  When  the  latter  therefore  ^vas 
full  the  siphon  would  be  charged,  and  the 
contents  of  the  tube  discharged  by  it  into 
one  of  the  buckets  of  the  wheel.  The  fig'nre 
with  the  wand  would  then  descend,  having 
nothing  to  support  iL  The  wheel  having 
six  buckets  only,  performed  a  revolution  in 
•ix  days.  To  its  axis  was  secured  a  pinion  of 
•ix  teeth  that  worked  into  a  wheel  with  sixry, 
and  oh  the  shaft  of  this  wheel  a  pinion  of 
ten  teeth  drove  a  wheel  of  aixty-one  teeth, 
which  last  wheel  by  iu  axis  turned  the 
C(riumn  round  once  in  365  days. 

As  the  accuracy  of  such  a  clock  depended 

upon  the  size  of  the  orifices  in  the  weeping 

figure,  whence  the  water  escaped,  to  pre< 

f  vent  their  enlargement  by  the  friction  of  the  ' 

li<]uid,  Ctesibius  bushed  them  with  jewels. 

About  the  year  807,  the  Caliph  Haroun 
sent  some  valuable  presents  to  Charlemagne, 
and  atnong  thera  a  water-clock,  which  struck 
the  hours  by  means  of  twelve  little  hraas 
halls  falling  on  a  bell  of  the  same  metal. 
There  were  also  twelve  figures  of  soldiers, 
which  at  the  end  of  each  hoar  opened  and 
shut  doors  according  to  the  number  of  the 
hour. — (Martigny's  Hist  Arabians,  iii.  92.) 

Thereis  a  very  simple  clepsydra  in  Kircher'a 
MundusSuhterraneuBitom.  i,  157.  M.Amnn- 
tons  devised  another.  H^m.  Acad.  Science, 
A.D.1699,p.51.  SeealBoPhil.TrBns.rnl.xlr, 
p.  171,  and  Fludd's  Simla.  Decaus  has  given 
~  a  clepsydra  in  the  fifth  plate  of  his  Forcible 
M*TO.  cu-wd^b/cuuii,,-.      Movements.     A  water  pendulum  U  figured 

in  Ozanam  3  Recreations,  p.  388. 
Hour-glasses  M'ere  formerly  placed  in  coffins  and  buried  with  the  corpse, 
probably  as  symbols  of  mortality — the  sands  of  life  having  run  out  See 
Oent  Mag.  vol.  xvi.  646,  and  xvii,  S64.  Lamps  found  in  ancient  aepul. 
chres  were  possibly  interred  with  the  same  new — to  indicate  the  lamp 
of  life  having  become  exringaishedi 

Garcilasao  mentions  a  dial  by  which  the  Ferurians  ascertained  thA  time 
when  the  son  entered  the  equinox  ;  whether  these  people  or  the  Mexicans 
had  water-clocks  we  have  not  been  able  to  ascertain.  * 

Hydravlie  Organ»  do  not  appear  to  be  of  so  high  antiquity  as  clepsydrn, 
but  their  origin  is  equally  uncertain'.  Perhaps  they  were  derived  from 
musical  water-clocks. 

The  fjret  organs  were  probahljj  nothing  more  tlian  simple  combinationi 
of  flutes,  pipes,  and  other  primitive  wind  instruments.  What  the  cir- 
enmatances  were  that  led  to  the  idea  of  uniting  a  number  of  these,  and 
■applying  titem  with  wind  from  bp"ow8  instead  of  the  mouth  can  hardly  be 
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conjectured.  The  firtt  step  was  probably  bag-pipes,  and  the  second  the 
addition  of  keys  or  valves.  In  process  of  time,  the  instruments*  instead 
of  being  made  of  reeds  or  other  natural  tubes,  were  formed  of  metal ;  and 
their  number,  variety,  and  dimeifsions  increased  until  organs  became  the 
most  powerful  and  harmonious,  and  consequently  the  most  esteemed  of 
all  musical  machines.  The  organs  mentioned  in  the  Bible  were  probably 
portable  ones,  similar  to  the  modem  regai.  The  ancients  divided  them 
mto  two  classes — jnuumaiic  and  hydroMlic^  or  wind  and  water  organs. 
The  difference  consisted  merely  in  the  modes  of  supplying  the  wind — in 
one  it  was  by  means  of  water,  while  in  the  other  bellows  were  woHced 
by  men. 

Water  was  employed  in  various  ways  in  ancient  hydraulic  organs. 

1.  By  falling  through  a  pipe,  it  carried  down  air  into  a  reservoir,  as  in 
the  trombe  or  shower  bellows,  (No.  198.)  Here  it  not  only  furnished 
the  air  but  forced  it  through  the  pipes.  According  to  Kircher,  it  was  then 
discharged  on  a  wheel,  and  eave  motion  to  drums  on  whose  peripheries 
were  projecting  pins,  which  depressed  the  keys  of  the  instrument,  as  in  the 
modern  barrel  organ. 

2.  It  was  discharged  upon  an  overshot  wheel,  and  by  cranks  and  levers 
merely  worked  common  bellows.  This  may  seem  strange  to  some  readers, 
but  it  must  be  remembered  that  these  instruments  were  often  of  enormous 
dimensions.  Even  so  rude  a  people  as  the  Anglo-Saxons,  had  organs 
that  required  "  seventy  strong  men"  to  work  the  bellows. 

3.  Sometimes  water  was  only  used  in  an  open  tank  or  cistern,  into 
which  a  smaller  one  constituting  the  air-chamber  was  inverted.  The  air 
was  then  forced  by  ordinary  or  piston  bellows  into  the  latter,  and  dis- 
placing the  water  caused  it  to  rise  in  the  outer  vessel,  where  its  constant 
pressure  urged  the  air  through  the  organ. — See  No.  110,  and  p.  245. 

4.  The  vapor  of  boiling  water  or  steam  was  also  used,  and  which  of 
course  supplied  the  place  of  both  wind  and  bellows.  The  extent  to  which 
steam  was  used  is  unknown.  It  was  probably  confined  chiefly  to  the 
temples. 

The  details  of  the  mechanism  of  ancient  organs  that  have  come  down 
are  very  imperfect  Their  description  by  Vitruvhis  and  Heron  is  obscure, 
and  in  some  parts  unintelligible ;  and  they  admit  that  the  construction  was 
too  complex  to  be  easily  comprehended  except  by  those  familiar  with 
them. 

The  earliest  distinct  notice  on  record  of  any  thing  like  a  water-oi^an, 
b  the  musical  clepsydra  of  Plato.  There  is  no  reason  to  suppose  it  was 
invented  by  him,  but  rather  the  contrary,  for  he  contemned  all  mechani- 
cal speculations.  He  probably  met  with  it  in  Egypt,  and  having  intro- 
duced it  to  his  countrymen,  was  (as  usual  with  them)  considered  its  author. 

Tertullian,  in  a  Treatise  on  the  Soul,  speaks  of  an  organ  invented  by 
Archimedes,  but  of  its  construction  little  is  known. 

From  Vitruvius'  account  of  hydraulic  organs,  and  from  the  last  two 
Prubtems  in  Heron's  Spiritalia,  we  learn  that  they  were  very  elaborate 
machines.  Decaus  has  amplified  some  of  Heron*s  devices  for  producing 
music  by  water. 

Plutarch  in  comparing  Cato  and  Phocion,  after  observing  that  their 
severity  of  manners  was  equally  tempered  with  humanity,  and  their  valor 
with  caution ;  that  they  had  the  same  solicitude  for  others,  and  the  same 
disregard  for  themselves ;  the  same  abhorrence  of  every  thing  imae  and 
dishonorable,  &c.  observes,  that  to  mark  the  difference  in  their  charac- 
ters would  require  a  very  delicate  exprefsion,  like  the^fin^y  d'fcrimimaied 
Mmnds  if  ikt  crgtm.     This  is  supposed  by  Langhorue  to  rjtve  been  a 
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water-organ.  The  elder  Pliny  refers  to  them  in  book  ix,  cap.  8.  Speak- 
Ing  of  dolphins,  he  observes,  they  are  fond  of  music,  especially  '*  the  sound 
of  the  water  Uutrument,  or  such  kind  of  pipes."  We  noticed,  page  245, 
a  representation  of  an  hydraulic  organ  on  a  medal  of  Valentinian.  The 
silver  Triton,  mentioned  m  the  chapter  on  Fountains,  that  by  machinery 
was  made  to  rise  out  of  the  lake  and  sound  a  trumpet,  may  be  considered 
a  modification  of  these  instruments,  and  so  may  the  whistling  clock  of 
Athenesas  mentioned  in  the  last  one. 

Suetonius,  in  nis  Life  of  Nero,  mentions  an  hydraulic  organ  which  that 
emperor  took  particular  pleasure  in.  It  must  have  been  a  magnificent 
affair,  since  even  Nero  deemed  it  of  sufficient  importance  to  form  the 
principal  object  vowed  by  him,  when  the  empire  was  in  danger  from  the 
rebellion  of  Vindex.  Inviting  some  of  the  chief  Romans  to  a  consultation 
on  public  affairs,  '*  he  entertained  them  the  rest  of  the  day  with  an  organ 
of  a  new  kind,  and  showing  them  the  several  parts  of  the  invention,  and 
discoursing  about  the  natuVe  and  difficulty  of  the  instrument,  he  told  them 
he  designed  to  introduce  it  upon  the  theatre,  if  Vindex  would  permit  him." 
In  this  passage  Suetonius  does  not  state  that  the  machine  was  a  footer' 
organ  ;  but  in  a  subsequent  one  he  observes,—'*  Towards  the  close  of 
Nero's  life,  he  publicly  vowed  that  if  the  empire  was  secured  to  him  (by 
overcoming  the  rebels)  he  would  brin^  out  at  the  games,  for  his  obtaining 
the  victory,  a  toater-organ,  a  chorus  of  flutes  and  bag-pipes,"  &c. 

The  author  of  a  letter,  attributed  to  St.  Jerome,  speaks  of  a  large  organ  at 
Jerusalem,  the  sounds  of  which  could  l>e  heard  at  the  distance  of  a  thousand 
paces,  or  to  the  Mount  of  Olives.  It  consisted  of  two  elephant  skins,  or 
rather  perhaps  resembled  two  of  those  animals.  There  were  twelve  large 
bellows  and  fifteen  bras3  pipes.  The  two  animals  were  said  to  represent 
the  Old  and  New  Testaments — the  pipes  the  patriarchs  and  prophets,  and 
the  bellows  the  twelve  apostles.  The  particulars  of  its  construction  are 
not  known. 

Organs  were  used  more  or  less  throughout  the  dark  ages,  during  which 
several  were  brought  into  Europe  from  the  East. 

In  757,  the  Greek  emperor  Constantino  sent  two  organs  to  Pepin,  king 
of  France.  Meseray  says,  they  were  the  first  seen  in  that  country. 
Another  was  sent  from  Constantinople  to  Charlemagne  in  812;  but  nothins^ 
is  known  of  their  construction,  except  that  the  last  imitated  the  sounds  of 
thunder,  the  lyre  and  cymbal. 

In  the  ninth  century,  Louis  Debonnaire  had  a  water-organ  made  for  his 
palace  at  Aix-la-Chapelle,  by  a  Venetian  priest  named  George.  Another 
organ,  in  which  water  is  supposed  not  to  have  been  employed,  he  erected 
in  one  of  the  churches  of  that  city,  and  its  sounds  are  said  to  have  been  so 
ravishing,  that  a  woman  died  in  ecstacy  under  their  influence.— (See  Pre- 
face to  L'Art  du  Facteur  D*Orgues  ;  Arts  et  Metidres,  folio  edit.  1778.) 

At  page  401,  we  mentioned  an  organ  made  by  Gerbert,  in  which  steam 
was  employed  instead  of  air. 

We  find,  says  Fosbroke,  organs  with  pipes  of  box- wood,  of  gold,  and 
organs  of  alabaster  and  glass ;  and  some  played  on  with  warm  water. 
Brass  pipes  and  bellows.are  mentioned  by  William  of  Malmsbury.  '*  The 
monks  of  Italy,  of  the  orders  devoted  to  manual  labor,  applied  themselves 
to  the  fabrication  of  organs ;  and  in  the  tenth  century,  a  maker  was  sent 
into  France,  whence  they  insensibly  spread  over  all  the  western  churches." 

Of  modem  hydraulic  organs  it  is  unnecessary  to  enlarge.  Several  have 
been  noticed  in  the  chapter  on  Fountains.  They  have  become  nearly 
extinct.  See  Kircher's  Musurgia  Universalis,  Fludd's  Simia,  Decaus* 
Forcible  Movements ;  Misson,  Blainville,  Breval,  and  Keysler's  Travels. 
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The  old  Regal,  a  diminutive  species  of  organ,  sdll  used  in  some  parti 
of  Europe,  was  soraetinies  acted  on  by  water ;  at  least  su  it  would  seem 
from  a  remark  of  Lord  Bacon  in  his  Sjflva,  Speaking  of  music,  he  par- 
ticularizes the  tones  from  the  percussion  of  metaU^  as  m  bells — of  air^  as 
in  the  voice  while  singing,  in  whistles,  organs,  and  stringed  instruments-— 
'*  and  of  water ^  as  in  the  nightingale  pipes  of  regaUM^  or  organs,  and  other 
hydraulics,  which  the  ancients  had,  ana  Nero  did  so  much  esteeme,  but 
are  now  lost"-^enL  ii,  102. 


CHAPTER    IX. 

■■■ST  Lbao:  Lead  awljr  k»ow  Eoam  pif  laad— Aoeteat  am  of  lead  Lewlea  aad  iroa 
CMllBf  thwt  towl— Solder— LmmI«b  books— &ooft  corored  with  lewl— lorencioa  of  rolled  lewl— Lcoi 
■heatUnf.  Liadch  Pifm:  Of  freet  uitiqnity — Made  from  sheet  lead  by  the  RoBtana— Ordiaasee  of 
AntlaiaD^Leadeo  pipes  ia  Spaia  ia  the  aiath  oeatary — Damsacas— Leather  pipes — Modem  irao  pipes 
— luTeotioo  of  cast  leadea  pipes— Another  plaa  ia  Fraace— Joints  aoited  withoat  soldei^-lavealioa  of 
drawn  leaden  pipeih— Bnrr*s  node  of  Bakinf  .leadea  pipes— Antiquity  of  window  Uud — ^Water  mersd 
by  passiof  through  leadea  pipes— Tianed  pipes.  Valtbs:  Their  aatiquityand  Tariety — ^Narsaihetf 
OBf  ineers.  Cocbs  :  Of  f  rsat  variety  and  BMterials  ia  ancient  tines— HorapoUo— 'Cocks  attached  to  the 
larer  of  brass  and  the  brasea  sea— Also  to  foldeo  and  silver  cisterns  In  the  tenple  at  Delphi— Fooad  in 
Japanese  baths— Fignre  of  aa  aacleat  broaso  eoek — Superior  in  its  eoustrnctioa  to  noJera  ones— Cock 
ftwB  a  Ronaa  fountaio— Nnadiers  found  at  Ponpeii— Silver  pipes  aad  cocks  ia  Roaaa  bath^-Xaoldea 
and  silver  pipes  and  cocks  ia  Femviaa  baths— Sliding  cocks  by  the  author.  Watkb-Closbts  .  Of 
BBciant  date    Connwin  in  the  East.    TuArt  for  draiaa,  Ac. 

^  A  FEW  subordinate  inventions,  but  such  as  are  of  some  importance  m 
practical  hydraulics  have  been  reserved  for  this  chapter,  viz  :  sheet  lead, 
pipes,  valves  and  cocks,  water-closets  and  traps. 

Lead  was  probably  worked  before  any  other  metal.  Its  ores  abound 
in  most  countries,  and  frequently  reach  to  the  surface ;  they  are  easily 
reduced  ;  the  metal  fuses  at  a  low  temperature  ;  it  is  soft  and  exceedingly 
plastic.  Lead  is  mentioned  as  common  at  the  time  of  the  Exodus.  It 
was  among  the  spoils  taken  by  the  Israelites  from  the  Midianites,  and 
articles  made  of  it  were  ordered  to  be  melted  up.  The  Phenicians  ex* 
ported  tin  and  lead  from  Britain.  Both  are  enumerated  in  the  graphic 
account  of  the  commerce  of  Tyre,  in  the  27th  chapter  of  Exekiel.  The 
Romans  worked  lead  mines  in  France,  Spain  and  Britain  ;  Pliny  says, 
those  in  the  former  countries  were  deep  and  the  metal  procured  with 
difficulty ;  but*in  Britain  it  was  abundant,  and  "  runneth  ebb  in  the  upper- 
most coat  of  the  ground."  Several  Roman  mining  tools  and  pigs  of  lead 
have  been  found  m  England.  In  1741,  two  pigs  were  dug  up  in  York- 
shire. Their  form  was  similar  to  that  in  which  the  Missouri  lead  is  cast, 
but  more  than  twice  the  weight.  Each  weighed  150  lb.  and  was  inscribed 
in  raised  letters  with  the  name  of  the  reigning  emperor,  Domitian. — (Phil 
Trans.  Abrid.  ix,  420.) 

The  uses  to  which  lead  was  put  by  the  ancients  were  much  the  same  as 
at  present.  The  fishermen  of  Egypt  sunk  their  nets  with  it  just  as  ours 
do.  A  portion  of  a  net  with  "  sinkers*'  attached  is  preserved  in  the  Berlin 
Museum.  Leaden  statues  are  ancient  There  was  one  of  Mamurius  at 
Rom 3.  They  probably  preceded  those  of  bronse,  and  perhaps  formed 
part  of  the  spoil  of  the  Midianites  mentioned  above.  The  Romans  h*A 
leaden  coffins  ;  a  device  adopted  more  or  less  in  all  ages.     Double  leaden 
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rnflins  (oKserves  Fosbroke)  occur  in  the  Anglo-Saxon  era,  not  made  of 
plain  lead^  bul  folded  in  a  very  curious  and  handsome  manner.  For  the 
mode  of  making  cofHns  and  their  singular  forms,  consult  L'Art  du  Plom- 
bier.  Arts  et  Mdlieres,  tome  xiii,  a  Neuchatel,  178 !.• 

The  art  of  casting  lead  into  sheets  on  beds  of  sand,  as  now  practised  by 
plumbers,  is  of  immense  antiquity.  The  terraces  of  Nebuchadnezzar's 
hanging  gardens  were  covered  with  sheets  of  lead  soldered  together,  to 
retam  moisture  in  the.  soil.  The  composition  of  ancient  solder  for  lead, 
we  know  from  Pliny,  was  the  same  as  ours.  It  is  uncertain  whether  the 
art  of  uniting  lead  by  '*  burning,"  that  is,  by  fusing  two  edges  together 
(without  solder)  was  known.  Pliny  says,  **  two  pieces  of  lead  cannot 
poHs'bly  be  soldered  without  tin  glass."  Either  dierefore  the  ancientfl 
nad  not  the  art  of  *'  burning"  pieces  of  lead  together,  or  Pliny  was  not 
aware  of  it. 

Tablets  of  lead  were  anciently  used  to  write  on.  Job  alludes  to  them. 
Bonks  composed  of  leaden  leaves  are  figured  by  Montfaucon.  To  such 
tablets,  we  presume,  Pliny  refers,  when  he  speaks  of  lead  "  driven  with 
the  hammer  Into  thin  plates  and  leaves."— (Nat.  Hist,  xxxiv,  17.) 

The  employment  of  sheet  lead  as  a  covering  for  roofs  ascends  to  the 
earliest  ages  in  the  East.  It  is  still  extensively  used  there.  Tavernier, 
in  speaking  of  the  mosques  at  Aleppo,  says  dieir  domes  were  covered 
with  lead,  and  so  was  the  roof  of  the  great  hall  of  the  Divan  at  Constanti'- 
nople.  He  mentions  an  inn  or  caravansary,  the.roof  of  which  was  covered 
with  the  same  metal.  Henry  Blount,  who  traveled  in  Egypt  and  Turkey 
in  1634,  found  the  roofs  of  the  mosques  and  seraglios  at  Adrianople  covered 
with  lead.  Count  Cay  1  us  mentions  ancient  sheet  lead  half  a  line  thick 
taken  from  the  inner  dome  of  the  Pantheon.  Gregory  of  Tours  describes 
an  old  temple  of  the  Gauls,  which  was  extant  in  the  time  of  the  Emperor 
Valerian,  and  had  a  leaden  roof.  (Montfauc.  Supp.)  Paulinus  built  a 
church  at  Catarick,  Eng.  which  was  burnt  by  the  Pagans  ;  he  built  another 
of  wood,  which  was  the  mother  church  of  British  Christianity,  "  and  en- 
closed the.  whole  building  with  a  covering  of  lead."  The  churches  and 
castles  of  Europe  in  the  middle  ages  were  almost  uniformly  covered  with 
this  metal.  In  a  statute  passed  in  the  fourth  year  of  Edward  I.  of  Eng- 
land, (A.  D.  1276,)  to  ascertain  the  value  of  real  estate,  commissioners 
were  appointed  to  visit  **  castles,  and  also  other  buildings  compassed  about 
with  ditches  [to  determine]  what  the  walls,  buildings,  timber,  stone,  lead^ 
and  other  manner  of  covering  is  worth." — (Statutes  at  large.) 

Leaden  seals  on  woolen  cloth  were  used  in  Henry  IV.'s  reign. 

It  is  uncertain  whether  the  ancients  were  acquainted  with  the  process 
of  forming  lead  into  sheets  by  passing  it  between  rollers.  If  they  were* 
the  art,  like  many  others,  became  lost,  and  was  not  revived  till  the  17th 
century.  A  close  examination  of  specimens  of  ancient  sheet  lead  might 
determine  the  questicm. 

Rolling  or  "  milling"  of  lead  was  invented  by  Mr.  Thos.  Hale,  in  1670, 
about  which  time  the  first  mill  was  erected  at  Deptford.  The  inventor 
met  with  violent  opposition  from  shipwrights,  because  the  lead,  from  its 
smooth  surface,  uniformity  of  thickness,  and  low  price,  began  to  be  gene* 
rally  adopted  for  sheathing  vessels,  in  place  of  the  old  wooden  and  leathei? 
sheathing.     And  as  it  was  used  also  for  gutters  and  roofs  of  houses,  *'  the 

*  About  tweoty  yean  a^o  iron  cofiin«  v/ere  introduced  in  England  and  secured  Oy 
patent ;  but  they  were  not  then  by  any  nieann  a  new  thini;  under  the  snn  :  for  the  Par 
sees  of  India  for  ngen  bnried  their  dead  in  them.  "  Cen  idoiaires  adnrent  Ip  fen  coinue 
vie  divinit6.  conxiderant  le  bois  comme  8a  viande ;  d'oA  il  vient  qu*ilit  ne  mettdOt  pas 
leurs  irortii  dars  les  cercaeils  de  bois.  mai$  defer  "— (C.  Aut>|aaire  iii  H46.) 
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plambers  were  as  iiidiiftrions  as  the  shipwrights  to  decry  &e  lead ;"  bat 
finding  their  opposition  in  a  great  measure  fruitless,  **  some  of  them  now 
began  to  cry  it  up,  and  have  set  up  engines  to  mill  it  themselves.*'-* 
(Oc)llier's  Diet.  Art.  England.) 

A  paper  in  fhe  Phil,  frausactions,  1674,  erroneously  attributes  the  in- 
vention to  Sir  Philip  Howard  and  Major  Watson.  These  gentlemen  were 
associated  with  Hale  in  the  patent,  and  merely  contributed  their  in- 
fiuence  to  introduce  the  new  manufacture,  especially  to  sheathe  the  pub> 
lie  shipSk  (Abrid.  i,  596.)  The  large  ship  built  by  Archimedes  was 
sheathed  with  lead. 

Pipes  for  the  conveyance  of  water  have  been  made  of  earthenware, 
scone,  wood  and  leather,  but  more  generally  of  lead  and  copper.  Leadtn 
pipes  extend  back  to  the  dawn  of  history.  They  were  more  or  less  com- 
mon in  all  the  celebrated  nations  of  old.  In  the  old  cities  of  Asia,  Egypt, 
Greece,  Syria,  &c.  they  were  employed  to  convey  water  wherever  the 
pressure  was  too  great  to  be  sustained  by  those  of  earthenware.  The 
same  practice  is  still  followed  :  thus  in  Aleppo,  both  leaden  pipes,  and 
those  of  stoneware  are  used,  and  in  all  probability  just  as  they  were  when 
this  city  was  known  to  the  Greeks  as  Bercsa,  and  to  the  Jews  in  David's 
time  as  Zobah.  Archimedes  used  pi^^es  of  lead,  to  distribute  water 
by  engines  in  the  large  ship  built  for  Hiero ;  and  the  same  kind  were 
doubtless  employed  in  conveying  water  to  the  different  terraces  of  the 
famous  gardens  of  Babylon.  The  g^at  elevation  to  which  the  fluid  was 
raised  would  render  earthenware  or  wooden  pipes  entirely  inapplicable. 

We  have  no  information  respecting  the  mode  of  making  leaden  pipes 
previous  to.  the  Roman  era ;  but  as  that  people  adopted  the  arts  and  cus- 
toms of  older  nations,  we  may  be  assured  that  their  tubes,  as  well  as  their 
pumps  and  other  engines,  were  mere  copies  of  those  made  by  the  plumbers 
of  Babylon  and  Athens,  Egypt  and  Tyre.  All  ancient  pipes  yet  dis- 
covered are  said  to  have  been  made  from  sheet  lead ;  vis  :  strips  of  su& 
cient  width  folded  into  tubes  and  the  edges  united  by  solder.  We  learn 
from  Vitruvius  that  Roman  plumbers  generally  made  them  in  ten  feet 
lengths,  the  thickness  of  the  metal  being  proportioned  to  their  bore,  accord- 
ing to  a  rule  which  he  gives  in  book  viii,  cap.  7.  of  his  Architecture. 
Large  quantities  of  Roman  leaden  pipes  have  been  found  in  different  parts 
of  Europe,  varying  in  their  bore  from  one  to  twelve  inches.  Some  of 
them  are  very  irregularly  formed,  their  section  being  rather  egg-shaped 
than  circular.  Montfaucon  has  engraved  several  specimens.  On  large  ones 
belonging  to  the  public,  the  name  of  the  consul  under  whom  they  were 
laid  was  cast  upon  them.  Others  that  supplied  the  baths  of  wealthy  indi- 
viduals have  the  owners'  names ;  and  sometimes  the  maker's  name  was 
cast  on  them.  Of  small  leaden  pipes,  Frontinus  mentions  13,594  of  one 
inch  b<»re  that  drew  water  from  one  of  the  aqueducts.  Pompeii  was  but 
a  small  provincial  town,  of  which  not  more  than  one-third  has  been  ex- 
plored, and  yet  a  great  many  tons  of  pipes  have  been  found.  The  eon- 
sumption  of  lead  for  pipes  must  have  been  enormous  in  old  Rome,  not 
only  from  their  great  number,  but  on  account  of  the  large  dimensions  .of 
the  principal  ones.  Pliny  might  well  observe,  '*  Lead  is  much  used  with 
IIS  for  sheets  to  make  conduit  pipes."— (xxxiv,  cap.  17.) 

An  ordinance  of  Justinian  respecting  a  bagnio  erected  at  Constantinople 
by  one  of  the  dignitaries  of  the  empire  is  extant :  "  Our  imperial  will  and 
pleasure  is,  that  the  leaden  pipes  conducting  the  water  to  the  Achillean 
bagnio,  contrived  by  your  wisdom,  and  purchased  by  your  munificence, 
be  under  the  same  re^ulauons  and  management  as  have  been  appointed 
in  the  like  cases  ;  and  that  the  said  pipes  shall  only  supply  such  bagmos 
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•Tid  nympbspa  as  you  shall  think  fit,'*  Sec.  Constantinople  has  for  ages 
been  supplied  with  water  through  leaden  pipes.  The  Sou-terazi  or  water 
towers,  are  mere  contrivances  to  facilitate  the  ascent  and  descent  of  the 
fluid  through  pipes. 

Leaden  pipes  have  been  uninterruptedly  employed  in  some  or  other  of 
European  cities  since  the  fall  of  the  empire.  In  the  middle  of  the  ninth 
century  water  was  conveyed  by  them  tm  supply  Cordorva,  in  Spain,  under 
the  Caliph  Abdulrahman  11.  who  also  teused  that  city  to  be  paved.  This 
is  the  oldest  pavement  on  record  in  modern  cities.  Benjamin»of  Tudela, 
who  visited  Damascus  in  the  12th  century,  says,  the  river  Pharpar  (see 
2  Kine^s,  chap,  v,)  slideth  by  and  watereth  the  gardens  ;  "  but  Abana  is 
more  tamiliar  and  entereth  the  citie,  yea,  by  helpe  of  art  in  conduits  [pipes] 
visiteth  their  private  houses.'* — (Purchas*  Pilgrim.) 

The  ancient  inhabitants  of  the  island  Arados  ingeniously  obtained  fresh 
water  from  the  bottom  of  the  sea.  They  sunk  down  over  the  spring  a 
large  bell  of  lead,  to  the  upper  part  of  which  was  attached  a  pipe  of  leather 
that  conveyed  the  fluid  ^o  the  surface. — (Pliny,  v,  31.) 

Some  of  the  Roman  earthenware  pipes  were  made  to  screw  into  each 
other.  Old  leaden  pipes  laid,  A.  D.  1236,  to  supply  London,  are  men« 
tinned  at  page  294.  Most  modern  pipes  of  large  bore  are  now  made 
of  cast  iron.  The  largest  sizes  now  laying  to  supply  this  city,  are  nine 
fpet  in  length,  three  feet  internal  diameter,  and  weigh  from  3500  to  3800 
pounds. 

The  first  improvement  on  the  ancient  mode  of  making  leaden  pipes  was 
matured  in  England  in  lt539.  It  consisted  in  casting  them  complete  in 
short  lengths,  in  molds  placed  in  a  perpendicular  position.  After  a  number 
were  cast,  they  were  united  to  each  other  in  a  separate  mold,  by  pouring 
hot  metal  over  the  ends  until  they  run  together.  The  device  for  "  burn- 
ing" or  melting  the  ends  was  exceedingly  ingenious,  and  such  pipes  are 
still  made  to  some  extent  in  Europe.  In  the  30th  year  of  Henry  VIII. 
(cilwerves  Baker  in  his  Chronicles  of  the  Kings  of  England,)  "  the  manner 
of  casting  pipes  of  lead  for  conveyance  of  water  under  ground  without 
using  of  soder,  was  first  invented  by  Robert  Brocke,  clerk,  one  of  the 
king's  chaplains,  a  profitable  invention  ;  for  by.  this,  two  men  and  a  boy 
will  do  more  in  one  day,  then  could  have  been  done  before  by  many  men 
in  many  days.  Robert  Cooper,  goldsmith,  was  the  first  that  made  the 
instruments  and  put  this  invention  in  practice."— (Edit,  of  1665,  p.  317.) 

Five  years  afterwards,  Ralph  Hage  and  Peter  Bawde  made  the  first 
articles  o^ cast  iron  in  England.— (Ibid.) 

In  the  reign  of  Henry  IV.  of  France,  a  native  of  St.  Germain,  deviseu 
another  mode  of  casting  pipes  and  burning  them  together.  The  mold  was 
used  in  a  horizontal  positirm,  and  the  metal  poured  in  at  one  end.  When 
a  pipe  was  cast,  it  was  not  drawn  entirely  out  of  the  mold,  but  one  or  two 
inches  were  left  near  the  spout  where  the  metal  entered,  so  that  when 
anotlier  length  was  cast,  the  hot  metal  running  over  the  end  of  the  pre- 
vious pipe  fused  it,  and  both  became  as  one.  The  tube  was  then  drawn 
nearly  out  and  another  one  cast  and  united  to  it  in  like  manner,  and  so 
on  till  any  required  length  was  attained.-^(See  Plancbe,  vii.  L'Art  da 
Plombier  in  Arts  et  Metieres.) 

Sometimes  pipes  formed  of  sheet  lead  have  their  seams  united  by 
''burning."  A  strip  of  pasteboard  is  packed  against  the  inside  of  the 
seam,  and  the  tube  (if  small)  filled  with  sand  ;  the  edo^cs  are  then  melted 
with  a  soldering  iron,  and  the  deficiency  made  up  with  a  bar  of  lead,  in 
the  same  way  as  when  a  bar  of  solder  is  used.  The  old  mode  of  burning 
these  seams  was  by  pouring  hot  lead  upon  them,  and  generally  a  pnije<^ 
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tion  of  metal  was  left  along  the  seam.     The  ancient  pipes  figured  bj 

Montfaucon  have  a  similar  projection. 

The  plan  of  drarwing  leaden  pipes  through  dies  like  hollow  wire  was 
first  proposed  by  M.  Dalesme,  in  the  Transactions  of  the  French  Academy 
of  Sciences,  in  1705.  It  was  subsequently  brought  forward  by  M.  Fayolle 
in  1728 ;  but  it  was  not  till  1790  that  such  pipes  were  made.  In  that  year« 
Mr.  Wilkinson,  the  celebrated- English  iron  master,  took  out  a  patent  for 
drawing  them,  since  which  period  <hey  have  become  general  in  England, 
France,  an4  the  U.  States. — (See  Reper.  of  Arts,  1st  series,  vol.  xvi.) 

In  1820,  a  singular  mtnle  of  making  leaden  pipes  was  patented  in  Eng- 
land by  Mr.  T.  Burr.  A  large  and  very  strong  cast  iron  cylinder,  in  which 
a  metallic  piston  is  made  to  work,  is  secured  in  a  vertical  position.  To 
the  underside  of  the  piston  a  strong  iron  rod  is  fixed,  its  lower  end  being 
cut  into  a  screw  or  formed  into  a  rack  for  the  convenience  of  forcing  the 
piston  up,  either  by  means  of  a  steam  engine  or  any  other  suitable  first 
mover.  To  the  upper  side  of  the  piston  is  secured  a  polished  cylindrical 
rod,  rather-lon^r  than  the  cylinder,  and  of  the  same  diameter  as  the  bore 
of  the  pipe.  The  cylinder  forms  a  mold  in  which  the  pipe  is  first  cast, 
and  this  rod  is  the  core.  The  bottom  of  the  cylinder  may  be  open ;  but 
the  top  is  strongly  closed,  with  the  exception  of  a  circular  and  pMilished 
opening  at  the  centre,  of  a  size  equal  to  the  external  diameter  of  the  pipe. 
Suppose  the  piston  now  drawn  down  to  near  the  bottom  of  the  cylinder, 
the  Hpper  ena  of  the  polished  rod  will  stand  a  little  above  the  circular 
opening,  and  an  annular  space  will  be  left  between  them  equal  to  the 
required  thickness  of  the  tube.  The  cylinder  is  then  to  be  filled  with 
fused  lead  through  an  opening  at  the  top,  (which  is  to  be  stop(>ed  up  by 
a  screw-plug  or  any  other  device,)  and  a^  soon  as  the  met^  begins  to 
assume  the  solid  state,  the  piston  is  slowly  raised ;  this  necessarily  forces 
the  lead  through  the  annular  space  in  the  form  of  a  tube,  which  is  then 
wound  on  a  reel  as  fast  as  formed. 

Various  cylinders  are  employed  according  to  the  different  sized  tubes. 
For  jialf  inch  pipe,  one  18  inches  long,  six  or  seven  inches  internal  diame- 
ter, and  the  sides  three  or  four  inches  thick  would  bo  required.  Plates 
with  openings  of  different  sizes  may  be  adapted  to  one  cylinder.  They 
may  be  made  to  slide  in  recesses  cast  in  the  top. 

This  mode  of  forming  leaden  tubes  is  the  same  in  principle  as  that  by 
which  some  of  earthenware  have  been  made  :  the  clay  being  put  into  a 
square  an<l  close  trunk,  is  forced  by  a  piston  through  an  annular  space, 
adapted  to  the  thickness  and  bore  of  the  tubes  required.  At  first  sight 
the  process  appears  difficult.  It  also  seems  strange  that  stdid  lead  can 
thus  be  squeezed  through  an  aperture  into  the  form  of  a  tube  ;  but  it  should 
be  remembered  that  this  metal  is  extremely  soft  when  heated  to  near  the 
fusing  point ;  and  that  the  mode  only  differs  from  that  of  making  clay 
pipes  in  requiring  a  greater  force.  Tubes  made  in  this  way  are  in  general 
more  solid  than  others.  This  arises  from  the  large  body  of^ metal  of  which 
they  are  formed  being  poured  while  very  hot  into  the  cylinder,  so  that 
there  is  little  danger  of  flaws  or  fissures.  These  pipes  may  also  lie  made 
in  much  greater  lengths  than  by  any  other  plan.  A  manufactory  of  them 
has  recently  been  estal>lished  in  Philadelphia.— {See  Repertory  of  Arts, 
for  1820,  vol.  xli,  p.  207.) 

From  the  quantities  of  pipes  used  of  old,  it  appears  singiilar  that  the 
art  of  drawinfi^  them  was  not  discovered,  especially  as  the  lirc-Pi^fmh  or 
glazier's  vise  tor  drawing  **  window  lead"  is  of  ancient  date — a  most  l»eau* 
uful  machine,  and  one  far  more  ingenious  and  interesting  than  ihe  draw- 
bench  ;  one  too  by  which  lead  is  worked  at  a  single  operation  into  very 
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difficult  forms,  and  such  as  require  the  metal  of  <lifferec    thickness  in  the 
samo  piece.* — (See  L'Art  du  Vitrier,  pi.  v,  Arts  et  Mdtieres.) 

Tt  has  long  been  known  that  water  conveyed  through  leaden  pipes  be« 
comes  more  or  less  imprecriated  with  a  poisonous  solution  of  that  metal ; 
a  fact  of  which  the  ancients  were  fully  aware,  and  which  made  them  very 
scrupulous  in  using  it  for  purposes  of  domestic  economy.  Hippocrates 
ajid  Gmlen  denounced  its  employment  both  for  cisterns  to  contain,  and 
tubes  through  which  to  conduct  water.  Anciejit  architects  were  of  che  same 
opinion  ;  thus  Vitruvius  observes,  that  water  drawn  from  leaden  f.be?  is 
very  pernicious,  and  adds,  "  wo  should  not,  therefore,  conduct  wart,r  in 
pipes  of  lead  if  we  would  havo  it  wholesome."  The  Medical  Transaod  tns 
of  modern  times,  and  works  on  mineral  poisons  abound  with  example?  of 
the  fatal  clTects  of  drinking  water  from  reservoirs  and  pipes  of  this  metid. 

Several  modes  have  boon  devised  to  render  leaden  pipes  innoxious.  In 
1904,  an  English  patent  was  obtained  for  coating  their  interior  surfacing 
with  tin.  This  was  ctfectcd  in  the  following  manner : — Suppose  a  work- 
man engaged  in  making  tubes  of  half  an  inch  bore  ;  he  first  pours  lead  into 
an  iron  mold  and  forms  a  pipe  two  feet  long,  an  inch  thick,  and  nearly  an 
inch  in  the  bore  :  as  soon  as  the  lead  poured  in  becomes  solid,  he  with- 
draws the  steel  mandril  which  formed  the  interior  of  the  tube,  throws  in 
a  little  rosin  dust,  and  inserts  a  half  inch  mandril,  between  which  and  the 
inside  of  the  tube  a  certain  space  is  left.  Into  this  space  he  then  pours 
melted  tin,  which  as  it  collects  below,  causes  the  rosin  to  float  on  its  sur- 
face, as  it  rises  to  the  top,  and  lubricates  the  hot  sides  of  the  lenden  tube. 
Both  metals  thus  become  united,  and  when  the  tin  becomes  solid  tne  nian- 
dril  is  taken  out ;  and  the  tube,  thus  plated  with  tin,  is  passed  to  tne  draw 
bench,  and  drawn  out  to  the  required  length  like  an  ordinary  leaden  Mibd. 
There  is  some  diiRculty  in  making  the  tin  unite  uniformly  to  the  lead,  and 
when  this  does  not  take  place  the  pipes  are  apt  to  be  broken  in  drawing ; 
for  as  the  two  metals  do  not  stretch  equally,  the  thin  lining  of  tin  is  pulled 
apart ;  and  if  the  lead  does  not  separate  at  the  same  place,  its  surface  is 
exposed,  and  the  strength  of  the  tube  greatly  diminished  at  such  places.— « 
(Repertory  of  Arts,  2d  series,  vol.  v.) 

In  1820  another  Eng^lish  patent  was  issued  for  a  similar  plan,  the  dif' 
ference  consisting  chiefly  in  a  mode  of  better  securing  the  union  of  the  tin 
with  the  lead. — Ibid.  vol.  xxxviii. 

In  1832,  the  author  of  this  volume  took  out  a  patent  for  coating  leaden 
pipes  with  tin,  by  passing  them,  after  being  drawn  and  otherwise  finished, 
through  a  bath  of  the  fluid  metal.  As  there  is  a  difference  in  the  fusing 
points  of  tin  and  lead  of  about  200^  Fahrenheit,*  there  is  no  difficulty  in  the 
process.  By  this  plan  tubes  are  effectually  tinned  both  inside  and  out,  and 
any  imperfections  or  fissures  are  soldered  up.  The  operation  is  exceed- 
ingly simple  and  the  expense  trifling.  The  process  is  patented  in  England, 
where  the  tubes  are,  we  believe,  more  extensively  used  than  in  this  coun' 
try, — (See  Journal  of  the  Franklin  Institute  for  November,  1832,  and 
May,  1835.) 

Valves  and  Cocke  are  too  essential  to  hydraulic  engines  to  be  omitted 
in  this  work.  The  principle  of  the  valve  has  always  been  in  use  for  a 
variety  3f  purposes.  Doors  are  valves,  and  were  so  named  by  the  ancients. 
Those  of  the  private  apartments  of  Juno  were  contrived  by  Vulcan  to  dose 
of  themselves.     Thus  Homer  sings  : 

*  In  one  of  the  apartments  of  a  villa  at  Pompeii,  there  was  a  lar«:e  glazed  bow-win 
dow.    The  glsM  was  thick,  tinged  with  green,  and  "  set  m  kad  UkA  a  modern  casement.'* 
— ^8ee  Eocyc.  Autiq.  pp.  57,  398.) 
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ToiieiiAd  with  tho  secret  koy,  tfio  doon  uofold ; 

8clf-clcMcd  behind  her  that  the  valves  of  gold>  Hied,  uv. 

It  It  probable  that  all  valves  were  originally  id  the  form  of  Joors ;  that 
w,  mere  flaps  or  clacks  moving  on  a  hinge,  and  either  laying  horixonially 
like  a  crap-door,  inclined  like  some  of  our  cellar  doors,  opening  vertically 
as  an  ordinary  door,  or  suspended  by  hinges  from  tho  upper  edge ;  and 
koiuetimes  they  consisted  of  two  leaves  like  folding  doors.  Examples  of 
all  these  are  still  common.  I  sis  was  represented  by  tho  ancient  Egyptians 
with  **  the  key  of  the  sluices  of  the  Nile"  in  her  hand  ;  the  instrument  by 
wnirh  the  doors  or  valves,  like  the  locks  in  our  canals  were  opened  and 
cloMsd. 

The  most  ancient  musical  wind  instruments  known  in  the  Eastern  world 
are  provided  w^tli  valves,  as  the  primitive  bag-pipes,  and  the  Chinese 
variation  of  this  instrument,  which  Torecn  describes  as  consisting  of  "  a 
heminphere  to  which  thirteen  or  fourteen  pipes  are  applied,  and  cattiiing 
tho  air  blown  into  it  by  valves."  The  pastoral  fluio  of  Pan,  from  its 
expressing  thirty-two  parts,  he  supposes  to  have  been  of  a  similar  cour 
•tructi<»n.  (Oslieck's  Voyage,  ii,  248.)  Valves  were  of  course  umpluved 
in  the  organs  of  Jubai,  as  well  as  in  the  bellows  belonging  to  his  celebrated 
brother  ana  other  antediluvian  blacksmiths.  The  uindi  problem  of  the 
Spiritalia  relates  to  valves.  Conical  metallic  valves  were  used  by  Ctesi- 
bius  in  the  construction  of  clepsydras.  In  most  of  the  old  repreaentaiions 
of  pumps,  flaps  of  leather,  loaded  and  stiffened  with  pieces  of  wood  or 
leau  are  figured.  Agricola  has  given  figures  of  no  other.  These  dacks^ 
as  iney  are  named,  are  in  most  cases  preferable  to  the  most  perfect  spheri- 
cal or  conical  valves  of  metal :  the  smallest  particle  of  sand  adhering  to  these 
makes  them  leak ;  besides  which,  they  are  liable  to  stick.  We  have  known 
them  replaced  with  common  clacks.  Amontons,  in  experimenting  with 
a  forcing  pump,  found  the  valves,  which  were  of  highly  polished  metal 
and  well  Btted,  adhere  so  strongly  to  their  seats,  that  he  had  to  substitnto 
leather  clacks  for  them. 

The  spindle  valve,  or  such  as  have  a  lon^  shank  to  prevent  their  rising 
too  high,  and  guiding  them  when  descending,  is  said  to  be  of  French 
oriffin. 

We  have  sometimes  used  a  simple  valve  on  the  lower  box  of  a  pump. 
It  consisted  of  a  short  pipe  of  thin  and  very  soft  leather  secured  to  the 
upper  side  of  the  box.  When  the  sucker  was  raised,  the  water  rushed 
through  this  pipe,  and  when  the  stroke  ceased,  it  was  instantly  collapsed 
by  the  pressure  of  the  fluid  above  it,  and  then  fell  down  on  one  side  of 
the  box. 

Cocks  are  a  species  of  valve,  but  not  self-acting  like  the  latter.  In 
pumps  and  bellows  the  momentum  o£  the  entering  fluids  opens  the  valves, 

*  Doon  opened  and  eloeed  by  lecret  machinery  were  fomieriy  mnch  in  voane.  Hepoa 
made  thone  ofa  temple  thim  to  set.  Vitruviiis  speaki  of  doon  that  doaed  by  ihem^kea, 
(and  when  openi^d,  roae  aufficientty  hi^h  to  clear  the  carpet.)  In  the  old  citieji  of  Ra- 
rope,  the  galea  were  moved  by  concealed  mechanism  to  prevent  a  aarpriae.  Tho»e  at 
Auf^abarg  were  famona.  A  aing le  pemon  only  could  enter  at  a  time,  and  he  waa  incloMd 
between  two  galea  till  the  object  ofhia  viait  waa  ancertained.  Aa  «oon  as  be  appioached 
the  6n«t  one,  it  opened  of  iiaelf,  he  entered,  "  and  it  closed  npon  his  heels."  On  reael^ 
ing  the  aeeond  it  acted  in  like  maimer.  During  theae  operationa,  the  viattor  aaw  no 
DerMn,  although  he  waa  ezpoaed  to  the  aerntiny  ofofiieen  within.  The  magiatrates  of 
Nnremburg,  deairing  to  have  a  gate  of  the  aame  kind  for  the  aecurity  of  their  eiiy,  moI 
some  engineera  to  take  a  model ;  hut  after  eevt»ral  ezaminatiomi,  they  returned  home 
and  reported  "  that  without  pulling  down  the  walla,  and  all  the  maaonry,  it  waa  not  im 
the  power  oflMreM  himaelf  to  find  out  how  it  waa  eontrived,  or  to  oiake  one  like  il 
in  a  thouaand  yeara."— (Blainville'a  Travela,  i,  S60.) 
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w]iil«  their  owe  weight  serves  to  close  them  ;  bat  in  ordinary  cocks,  the 
plugs  must  be  turned  by  some  external  force.  Cocks  of  wood,  brass,  tund 
other  metals,  and  made  on  the  principle  of  those  now  in  use  are  extremely 
ancient.  There  is  reason  to  believe  that  ancient  modifications  both  of  valva 
and  plug  cocks  were  quite  as  numerous  as  modern  ones.  It  is  certain 
that  the  Greeks,  Romans  (and  most  probably  the  Babylonians  and  Egyp- 
tians also)  had  far  richer  specimens  of  these  instruments,  both  as  regards 
the  material  and  workmanship  than  any  thing  of  the  kind  in  modern  days. 

Horus  Apollo,  or  HorapoUo,  an  Egyptian  of  the  fourth  ce^ttury,  wiote 
a  v/ork  *'  Concerning  the  Hieroglyphics  of  the  Egyptians/' and  he  informs 
us  that  the  priests  gave  the  form  of  a  lion  to  "  the  mouths  and  stops  [cocks] 
of  consecrated  fountains,"  because  the  inundation  of  the  Nile  occurred 
when  the  sun  was  in  Leo. — (Encyc.  Anti.  i,  185,  note.) 

The  contents  of  those  enormous  metallic  vases  mentioned  in  both  sacred 
and  profane  liistory,  were  undoubtedly  discharged  through  cocks,  although 
these  are  not  always  indicated  :  as  the  laver  of  "brass  made  by  Bezaleel 
out  of  the  mirrors  of  the  Israelitish  women  :  the  brazen  sea  also,  which 
was  cast  by  a  Tyrian  brass-founder  for  Solou.on.  This  unrivaled  vase 
was,  according  to  Joseph  us,  of  an  hemispherical  form.  It  was  sixteen 
feet  in  diameter  and  between  eight  and  nine  in  depth  ;  "  an  hand-bread th'' 
in  thickness,  and  contained  about  15,000  gallons.  The  brim  was  wrought 
like  the  brim  of  a  cup,  with  flowers  of  lilies  ;  *'  and  under  the  brim  of  it 
round  about,  there  were  knops  cast  in  two  rows  when  it  was  cast."  It 
was  supported  on  a  pedestal  which  rested  on  twelve  brazen  statues  of 
oxen,  from  whose  mouth  the  liquid  is  supposed  to  have  been  drawn. 
This  splendid  vessel  was  removed  from  off  the  statues  by  Ahaz — "he 
took  down  the  sea  from  off  the  brazen  oxen  that  were  under  it,  and  put  it 
upon  a  pavement  of  stones."  It  was  subsequently  carried  to  Babylon  by 
Nebuchadnezzar. 

When  Sylla  pillaged  the  temple  of  Delphi,  he  found  a  vase  of  silver  so 
large  and  heavy  that  no  ordinary  carriage  could  support  it.  He  therefore 
had  it  cut  up.  (Plutarch  in  Sylla.)  Herodotus,  i,  51,  in  enumerating  the 
gifts  of  Croesus  to  the  same  temple,  mentions  a  cistern  of  gold,  ana  one 
of  silver  of  immense  dimensions,  (perhaps  the  same  taken  by  Sylla,)  also 
silver  coAks  and  basins — that  these  had  cocks  is  certain,  for  he  observes 
that  a  statue  of  a  boy  was  attached  to  one  of  them,  and  the  water  was 
discharged  through  one  of  his  hands.  This  shows  how  variegated  weie  the 
figures  and  orifices  of  ancient  cocks.  The  Japanese  indulge  a  similar  taste, 
and  have  doubtless  inherited  it  from  their  remote  progenitors.  Some 
of  their  bronze  idols  are  made  to  serve  as  fountains^  and  the  water  issues 
from  th^  fingers  of  some,  while  others  hold  a  vase  from  which  it  flows,  as 
in  the  Greek  and  Roman  designs  of  Oceanus  and  Neptune.  The  Dutch 
on  first  visiting  the  Japanese  found  the  baths  of  these  people  supplied 
with  cold  and  warm  water  by  means  of  pipes  "  and  copper  cocks."— 
(Montanus'  Japan,  translated  by  Ogilby,  pp.  94,  279,  449,  and  Thunberg's 
Travels,  iii,  102.) 

Bronze  or  brass  cocks  were  as  common  in  old  Rome  and  probably  other 
ancient  cities,  as  they  are  in  any  modem  one.  The  immense  number  of 
pipes  that  conveyed  water  to  the  houses,  baths,  fountains,  he.  must  have 
kept  a  great  number  of  founders  constantly  at  work  in  making  and  re« 
pairing  them.  We  learn  from  Vitruvius  that  every  main  pipe  that  passed 
through  the  streets,  had  a  large  cock,  by  which  the  water  was  let  in  or 
excluded,  and  that  these  cocks  were  turned  as  similar  ones  now  are,  with 
an  iron  key.  Several  specimens  of  ancient  cocks  are  extant  Among 
these,  a  very  large  one  discovered  in  the  ruins  of  a  temple  built  by 
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TSbariaa  tt  C*.pn,  and  prcierved  in  the  Masenm  at  Naplea,  b  not  tbe 
[east  inMrening.  No.  273  it  a  figure  of  it  The  plug  hu  become  by 
time  immoveahle.  aod  having  been  ahat 
when  last  used,  the  water  within  it  ta 
■till  confined.  This  is  roads  evident, 
for  when  two  men  raise  the  ^ock,  the 

iipla«hing  lound  of  the  fiuid  is  disliaetlj 
This  cock  waa  found  attached  m  a 

nectedweknownot — ^bysoldert  screws! 

— particulars  that  cannot  be  determined 
Ifa.S73.   AMtaM bnua «Hk.  by  the  sketch.     Had  we  an  opportunity 

uf  examining  it  we  would  endeavor  to 
ascertain  its  weight,  dimensions,  dec — whether  the  substance  of  the  plug  and 
chamber  are  the  same,  and  if  the  former  is  secured  in  the  latter  by  slightly 
riveting  its  lower  edge,  as  in  our  small  cocks,  or  by  a  washer  and  screw 

The  m<(de  of  formin?  the  handle,  or  that  part  by  which  the  plug  is 
turned,  in  a  separate  piece  from  the  latter,  is  decidedly  superior  to  the 
common  practice  of  cuting  holh  in  one  piece.  It  is  a  common  occurrence 
(o  throw  aside  a  cock  and  replace  it  with  a  new  one,  simply  because  this 
part  has  been  broken  from  the  plug,  and  can  only  be  remedied  by  replacing 
the  latter  with  it.  Now  this  would  never  occur  if  cocks  were  made  like 
this  ancient  one,  for  the  part  allujed  to  might  be  renewed  with  the  same 
ftcility  as  the  key  of  a  door  or  the  handle  of  a  hammer.  The  mode  of 
attaching  this  part  to  the  plug  by  sliding  it  between  two  doDt-taiUd  groovts, 
is  ingenious,  simple,  and  very  effective. 

In  a  great  portion  of  modem  cocks  the  area  of  the  opening  through  the 
plug  seldom  exceeds  one  half  nf  that  through  rhe  chamber  ;  but  in  the 
above  one,  the  chamber  is  sufficiently  large  to  allow  a  uniform  passage- 
way throughout. 

The  modem  name  of  these  instruments  is  supposed  to  have  arisen  from 
thi'ir  having  been  made  in  the  form  of  the  male  of  the  domestic  fowl ; 
hence  weather-cock,  the  cock  of  a  gun.  Sec. 

The  luxury  of  the  Romans  under  the  empire  led  them  to  monstrous 
eKcelses,  particularly  with  regard  to  baths;  the  water  to  supply  which 
was  often  conveyed  through  pipes  of  pure  tilver,  and  of  course  through 
eacki  of  the  tamr.  SenecH,  in  a  letter  to  Lucilius,  describing  the  humble 
villa  of  the  great  Sclpio,  deplores  this  degeneracy  of  his  countrymen.  "  I 
write  to  you  [he  says]  from  the  villa  of  Scinio  Afncanns,  where  I  at  present 
am,  and  have  worshipped  his  manes  and  his  altars ...  I  surveyed  this  villa, 
which  is  bulk  with  square  stone  and  surrounded  with  a  wall.  I  viewed 
the  grooves  and  towen  planted  and  erected  on  each  side  :  a  capacious 
cistern  and  basin  fur  water  is  below  the  house  and  gardens,  large  enough 
to  supply  a  whole  army  ;  next  a  small  bath,  and  that  something  dusky. 
It  was  a  sensible  pleasure  to  compare  the  manners  of  Scipio  with  ours. 
In  this  little  hole,  this  comer,  did  that  terror  of  Carthage,  to  whom  alone 
Rome  owed  her  not  being  taken  a  second  time,  wash  and  refresh  himseli^ 
afler  being  tired  with  his  country  toils  ;  for  he  used  the  country  exercises 
and  ploughed  his  ground  himself,  as  the  ancients  were  wont  to  do.  Be- 
neath this  humble  roof  he  stood,  and  this  plain  unartful  floor  supported 
him.  Who  now,  in  our  days,  would  endure  so  mean  a  bath  t  Every  man 
DOW  thinka  himaetf  poor  if  the  walla  of  his  bath  shine  not  with  large  orbs 
of  precioos  stones — unless  the  Alexandrian  marble  be  •mboased,  crusted 
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over  und  varie  J  with  Numidiaii  bordering*— nnlew  they  are  covered  with 
Moaaic — iflhe  vaulted  roof  be  not  of  glass — unleas  the  Thusian  aton«, 
form«rly  90  rare  and  only  to  be  found  in  aome  particular  temfile  or  public 
building,  line  the  cistern,  into  whicli  he  descends  after  sweating,  without 
•oul  or  life,  if  the  water  pours  not  on  bim  from  tUeer  condtiiU.  I  speak 
now  only  of  the  pipes  and  baths  of  the  vulgar ;  but  what  shall  I  aay  when 
1  come  to  those  of  the  freed-menl  How  many  statues  I  How  many  rowa 
of  pillars  supporting  no  weight,  but  placed  there  merely  for  the  sake  of 
•xpenM  and  ornament !"  &c.  &c. 

N«.  274  is  another  ancient  cock 
from  the  third  volume  of  Montfau- 
con's  Antiquities.  It  will  serve  U 
a  specimen  of  (he  richness  and  va* 
riety  of  ornament  with  which  these 


Romans  has  beer 
Several  have  bee: 
pipes,  fountains,  e 


flaiii,  and  i 
n  s 


ited  witli  llo> 
mbles  th( 


rated.  The  figure  standing  on  tha 
head  of  a  dnlpl^n,  and  which  form- 
fld  the  handle  by  which  the  cock 
ivaa  opened  and  closed,  is  aupnosed 
to  have  represented  ihe  Gonius  of 
the  garden,  in  which  the  fountain 
yfU  placed.  Another  highly  orna- 
mented cock,  or  rather  part  of  one, 
is  also  engraved  in  the  same  work) 
but  as  it  appears  to  be  merely  that 
part  by  which  the  plug  wbs  turned. 
It  ia  omitted.  There  are  several 
bronze  jet  pipes  for  -fountaina  ex- 
tant, and  in  great  variety  of  shapes. 
They  were  sometimes  plated  with 
gold,  as  appears  from  traces  of  it 
left  on  some  of  them. 

Much  additional  information  re- 
Bpectins  the  use  of  cocks  among  th« 
uins  of  Herculaneum  and  Pompeii, 
and  baths.  Some  w^re  attached  to 
oilers  on  large  moveable  tripods,  or  braziers,  and 
mikr  to  our  tea  and  coflce  urns.  Most  of  them 
is'  heads,  &c.  In  one  brazier,  the  cock  is  quit« 
ise  wljich  are  known  to  plumbers  as  atop-oockt, 
,  the  grale  bars  arc  hollow,  that  the  water  might 
ind  the  cocks  are  inserted  just  above  the  bot^m 
3  water  might  always  be  retained  to  prevent  ths 


obtained  from  the  ri 


!  of  the  bra 
circulate  through  ther 
of  the  lioilers,  that  a  I 
fire  from  deslroyin?  t 

In  the  baths  of  Clavdiia  the  water  ran  through  pipn  qftilver.  At  Lft 
nuvium,  in  the  ruins  of  a  villa  of  Antoamiu  Pius,  a  silver  COCK  waa  found 
which  served  fur  a  fountain.  It  weighed  thirty-five  Roman  pounds,  and 
was  Inscribed  "  Faustinaa  Nostrse." — (Encyc.  Antttj.  vol.  i,  456.)  I  was 
shown,  says  Breval,  in  his  "  Remarks  on  Europe,"  several  curious  frag> 
ments  that  had  been  dug  out  of  the  gardens  of  Mfficenaa.  Among  these, 
were  some  huge  leaden  pipes  that  conveyed  the  water  from  the  Claudian 
aijueduclB  into  a  sublerranenus  bathing-room.  The  magnificence  of  th« 
place  must  have  been  suitable,  no  doubt,  to  the  immense  wealth  and  delt- 
cwy  of  ■  Romsn  of  his  rank  ;  especially,  if  what  I  was  aMured  waa  the. 
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bet,  that  some  lesser  tubes  discovered  among  the  same  nibUsh  were  of 
9olid  silver. 

Nothing,  says  Blainville,  could  equal  in  richness  the  a|iartments  of  Ca- 
racalla's  baths.  Columns,  statues,  rarest  marbles  and  jaspers,  and  pictures 
of  an  immense  value  were  lavished  on  every  one  of  them.  The  very  pipes, 
both  large  and  small,  which  conveyed  water  into  the  bathing  apartments, 
were  all  of  theJineH  silver.  This  particular  is  recorded  by  several  [ancient] 
authors,  and  among  others  by  Statius. 

0th o,  in  a  feast  given  to  Nero,  almost  deluged  his  guests  with  a  most 
precious  liquid  perfume,  which,  '*  by  opening  certain  cocks**  gushed  out 
of  silver  and  golden  tubes  that  were  placed  in  different  parts  of  the  room. 

As  water  was  conveyed  by  pipes  into  the  houses  and  temples  of  ancient 
Mexican  and  Peruvian  cities,  it  might  thence  be  concluded,  in  the  absence 
of  direct  testimony,  that  cocks^  at  least  wooden  spigots,  were  in  use  also; 
but  there  is  evidence  of  the  fact.  We  are  informed,  that  in  a  palace  of 
Atabalipa,  there  was  a  bath  or  '*  golden  cisienie,  whereto  were  by  two 
pipes  from  contrary  passages,  brought  both  cold  water  and  hot,  to  use 
them  mingled  or  asunder  at  pleasure."  (Purchas'  Pilgrim,  1073.)  Now 
that  these  pipes  were  furnished  with  cocks,  is  expressly  asserted  by  Grar- 
cilasso,  in  a  passage  we  have  already  quoted.  (See  page  170.)  Cisterns 
and  pipes,  both  of  silver  and  gold  were  used  in  the  temple  at  Cusco. 

'*  Golden  pipes"  are  mentioned  by  the  prophet  Zechariah,  iv,  2  and  18L 

We  gave  a  figure  of  a  siphon  cock  at  Nos.  265-6,  and  shall  here  describe 
a  sliding  one,  contrived  and  used  by  us  several  years  ago.  A,  No.  275  re- 
presents a  short  brass  or  copper  tube,  with  a  stuffing-box  fitted  to  its  uppe* 
end :  the  lower  end  is  soldered  to  a  pipe  proceeding  from  a  reservoir, 
or  from  a  main  in  the  street  B  a  smooth  and  smaller  tube,  having  its 
lower  end  closed,  works  through  the  stuffing-box :  to  its  upper  end, 
which  is  also  closed,  a  knob  or  handle  is  fixed,  and  just  below,  there  is  a 
spout  for  dischargins^  the  ^ater.  At  the  middle  of  B,  a  number  of  holes 
are  drilled  through  its  sides,  or  they  may  be  in  the  form  of  slits.  Now 
while  these  openings  are  kept  above  the  stuffing-box  (as  shown  in  the 
cut)  no  water  can  be  discharged  ;  but  as  soon  as  B  is  pushed  down,  so  as 
to  bring  them  below  tlie  stuffing-box,  the  fluid  rushes  through  them  and 
escapes  at  the  spout.  To  stop  the  discharge  B  is  then  raised,  as  in  the 
figure.  There  snould  be  one  or  two  small  projecting  pieces  near  the  lower 
end  of  B  to  prevent  its  being  pulled  entirely  out  of  A.  The  pressure  of 
the  water  tends  to  keep  B  from  sliding  down,  when  the  instrument  is  sot 
in  use,  even  if  the  friction  of  the  stuffing-box  were  not  sufficient.  The 
external  edges  of  the  slits  should  be  smooth  to  prevent  them  from  catch* 
ing  hold  of  the  packing  while  passing  through  it.  Of  this,  there  is  however 
but  little  danger  in  small  cocks,  and  in  those  of  larger  sise,  that  part  of  B 
through  which  they  are  made  might  be  slightly  contracted. 

No.  276  represents  one  of  these  cocks  attached  to  a  cistern,  with  the 
openings  within  the  stuffing-box,  and  consequently  the  fluid  escaping. 
The  length  of  the  slits  should  always  be  less  than  the  depth  of  ihe  packing. 

No.  277  exhibits  a  stop-cock,  or  one  whose  ends  are  straight  and  alike, 
(such  as  plumbers  solder  in  the  middle  of  pipes.)  A  straight  tube  C  D 
is  closed  by  a  partition  or  disk  in  the  middle  of  its  length  :  as  the  water 
which  flows  from  the  reservoir  always  remains  in  the  end  C,  the  object  is 
to  open  a  communication  for  it  to  pass  into  D.  To  accomplish  this,  slits 
or  other  shaped  openings  are  made  through  the  pipe  on  both  sides  of  the 
disk,  and  a  shorter  but  wider  tube  £,  with  a  stuffing-box  at  each  end  is 
fitted  to  slide  over  C  D.  Thus,  to  allow  water  to  pass  into  D,  all  that  is 
required  is  to  move  £  (by  the  two  projecting  handles)  till  botii  series  of 


Chap.  9.] 


SUdtHg  Coeki—Water'CloseU. 


561 


openings  are  inclosed  by  it ;  while  to  stop  tte  flow  through  D,  E  must 
be  moved  back  towards  C  as  in  the  figure.  The  upper^gure  in  the  cut 
is  another  form  of  the  same  thing.  The  sliding  tube  H  is  the  smallest, 
and  has  one  end  closed  like  Nos.  275  and  276,  while  F  and  G  are  sepa- 
rate pieces.  Its  action  will  be  sufficiently  obvious  from  the  preceding 
remarks. 


No.  875. 


NO.S76. 


NO.SE77. 


Large  cocks  on  this  principle  may  be  made  for  half  the  cost  of  ordinary 
ones,  while  the  expense  of  keeping  them  in  order  is  too  trifling  to  be 
noticed— occasionally  to  renew  the  packing  is  all  that  could  be  required. 

JVater-Chsets  have  been  greatly  improved  by  modern  artists,  but  they 
are  an  ancient  and  probably  Asiatic  device.  The  summer  chamber  of 
Eglon,  king  of  Moab,  (Judges,  iii,  20—25)  is  supposed  to  have  been  one. 
They  were  introduced  into  Rome  during  the  republic,  and  are  noticed  by 
several  ancient  writers.  Those  constructed  in  the  palace  of  the  CsBsars 
were  adorned  with  marbles,  arabesque  and  mosaics.  At  the  back  of  one 
stilt  extant,  there  is  a  cistern,  the  water  of  which  is  distributed  by  cocks 
to  different  seats.  The  pipe  and  basin  of  another  has  been  discovered 
near  the  theatre  at  Pompeii,  where  it  still  remains.  Heliogabalus  con- 
cealed himself  in  one,  and  whence  he  was  dragged  by  his  soldiers  and 
slain 

Water-closets  seem  to  have  been  always  used  in  the  Cast,  and  for  rca 
BOOS  which  Tavernier  and  other  oriental  travelers  have  assigned.  Numbers 
are  erected  near  the  mosques  and  temples.  A  similar  custom  prevailed  in 
old  Rome,  Constantinople,  Smyrna,  and  probably  all  ancient  cities.  In 
the  city  of  Fez,  "round  about  the  mosques,  are  150  common  houses  of 
ease,  each  furnished  with  a  cock  and  marble  cistern,  which  scoureth  and 
keepeth  all  neat  and  clean,  as  if  these  places  were  intended  for  some 
sweeter  employment." — (Ogilby's  Africa,  1670,  p.  88.)  In  his  "  Relation 
of  the  Seraglio,"  Tavernier  describes  a  gallery,  in  which  were  several 
water-closets.  "Every  seat  [he  observes]  has  a  little  cock."  He  mentions 
others,  in  which  the  openings  were  covered  by  a  plate,  which  by  meant 
of  a  spring  "  turned  one  way  or  tlie  other  at  the  falling  of  the  least  weight 
upon  it." 

Sir  John  Harrington  is  said  to  have  introduced  water-closets  into  Eng- 
land in  Elizabeth's  reign,  and  some  writers  have  erroneously  ascribed 
their  invention  to  him.  They  are  described  in  the  great  French  work  on 
Artf  and  Manufactures,  by  INI.  Roubo,  who  says,  they  were  long  used  io 
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France  berora  being  knowo  in  England.  TboM  wHch  iw  baa  figured  an 
however  on  the  ancient  plan,  without  traps,  and  auch  are  still  to  be  fonnd 
U)  orienial  cities.  They  are  not  to  be  compared  with  the  modem  ones, 
^e  L'Art  du  Henuiaier,  folio  edit  1770,  PI.  69  ;  Gell'a  PoJaMiana;  A 
Diasertation  on  Places  of  Retirement,  Loud.  1751 ;  Fryer's  TraveU  b 
India  and  Persia,  Lond.  1698.) 

Devices  for  preventing  the  ascent  of  offensive  vapors  from  siDko,  sewera, 
drains,  &c.  are  named  trapt.  As  these  are  simple  in  construction,  and 
applicable  under  all  circumstances,  and  yet  are  little  known,  we  have 
inserted  a  sketch  of  a  few  of  the  most  common.  They  are  al]  inodifick> 
tiona  of  the  same  prindple. 


A  A  repreaent  a  floor  or  covering  of  a  sink  or  aewer,  and  the  object  la 
to  discharge  refuse  water  or  slops  of  any  kind  into  the  latter  withtnt 
allowing  currents  of  air  to  rise  through  the  pagsage.  No.  278  is  a  leaden 
pipe  bent  at  one  part  into  the  form  of  a  letter  S,  which  part  consiitutea 
the  trap.  One  entreniily  enters  (he  sink,  and  to  the  other,  which  is  turned 
ap  perpendicularly,  the  basin  of  a  water-closet,  or  a  common  funnel  is 
attached.  The  flexures  of  the  lube  must  be  such,  that  whatever  liquid  is 
thrown  down  the  basin,  a  portion  will  aiwavs  remain  in  the  bent  part 
below  to  04  to  teal  thx pofvi^t  mmpUldif.  as  shown  in  the  cut.  The  basin 
and  trap  may  he  placeJ  in  a  room  at  any  distance  above  (he  sink  or  sewer, 
provided  both  are  connected  by  an  air-tight  tube. 

No.  279  is  named  a  D  trap,  from  its  resemblance  to  that  letter.  It  it 
of  the  kind  generally  u»ed  in  water-closets,  for  which  purpose  it  is  always 
made  of  lead,  and  about  twelve  inches  long,  Jive  wide,  and  ten  or  eleven 
deep.  The  pipe  that  enters  the  sink  is  soldered  to  one  end  and  near  the 
top.  The  other  one  to  which  the  basin  is  attached  descends  six  or  seven 
inches  through  the  tnp  at  the  opposite  extremity  of  the  trap.  By  this 
arrangement  water  is  retained  within  to  a  level  with  the  lower  edge  of  the 
pipe  that  enters  the  sink,  while  the  perpendicular  pipe  dipa  between  one 
and  two  inches  below  the  surface.  Hence  although  impure  air  in  the  nnk 
can  readily  ascend  hito  the  trap,  it  cannot  enter  the  tube  on  which  the 
basin  is  placed ;  for  to  do  so,  it  would  have  to  descend  through  two  inchea 
of  the  water  to  reach  the  orifice  of  the  tube  ;  and  then  to  ascend  through 
•A  equal  column  within  the  latter  before  it  could  rise  into  the  basin. 

No.  280  is  a  form  of  trap  used  aver  the  openings  of  street  sewers,  fiw 
which  purpose  they  are  commonly  constructed  of  stone  or  brick  and  lined 
•  with  cement.  The  figure  is  that  of  a  square  box  open  at  top.  A  pipe  u 
tnaerted  through  the  bottom  at  one  side  to  connect  it  with  the  sewer.  -This 
jnpe  stands  about  half  way  up  the  inside  of  the  box,  and  above  it  there  i* 
■  bent  rectangular  partition  atuched  at  three  of  its  sides  to  the  box,  while 
the  fuarth  side  extends  into  the  uiiddle  and  dipa  two  inches  below  the 
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anfice  of  the  pipe,  and  consequentTy  that  depth  in  water ,  thus  CLtting  off 
all  external  communication  with  the  air  in  the  sewer.  A  loose  ffrate  fits 
into  a  recess  on  the  edge  of  the  box,  and  is  occasionally  removed  to  take 
out  the  dirt  that  passes  the  grate.  Small  traps  of  the  kind,  and  made  of 
cast  iron,  are  sometimes  used  in  the  drains  of  private  houses. 

No.  281  is  named  a  beU  trap  from  its  figure.  Such  are  generally  of 
small  dimensions,  and  are  mostly  used  in  kitchens,  over  the  channels  or 
tubes  through  which  refuse  fluids  are  discharged  into  sinks  or  drains.  The 
end  of  the  pipe  projects  two  or  three  inches  into  the  trap,  consequently  a 
Quantity  of  water  must  always  remain  within  at  the  same  elevation.  Over 
the  pipe  a  bell  or  inverted  cup  dips  about  half  an  inch  into  the  water,  and 
is  oi  such  a  size  as  to  leave  sufficient  room  for  the  fluid  to  descend  betwedki 
it  and  the  sides  of  the  trap,  and  also  to  pass  under  its  edge  and  rise  into 
the  pipe,  and  so  escape  into  the  drain.  The  cup  or  bell  is  connected  to  a 
brass  grate  that  drops  into  a  recess  cast  round  the  inner  edge  of  the  trap. 

The  origin  of  traps  is,  we  believe,  unknown.  The  principle  is  precisely 
the  same  as  in  the  water-lute  of  old  chemists.  Glauber  used  contrivances 
identical  with  Nos.  278  and  281,  instead  of  cocks  to  close  retorts,  &c.  In- 
stead of  water  he  sometimes  used  mercury,  when  the  contents  were  of  a 
oorrosive  nature. 
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John  BatA'Pboeioii- *W«n  iroralii]fe— Wella  with  ttaln— Toarne-Hoebe— lUMaf  imar  bj  a 
rerpetoal  inolioa»— Chain  pumpa  in  thipt— Sprinklinf  pot*— Old  frietionleM  pamp— Water  powM^* 
Vvlcan'i  trip-hammer»— Eolipilet— Blow.pipe— Philoaopblcal  ballowt— Cbwfiof  roUpile*— EoUpUte 
Idoli  referred  to  in  tlie  Blble^Palladinm— Lnban*a  ioMf  «•— Exptniiv*  force  of  «teiiii    Hfeim  and  air 
Wind  miUe— Imprieouinf  ebaira. 

Some  facts  and  observations  having  occurred  to  us  during  the  progress 
of  this  work  which  could  not  be  inserted  in  their  proper  places,  a  few  are 
added  by  way  of  appendix.  While  engaged  on  the  last  chapter,  a  large 
collection  of  old  books  was  imported  into  this  ciiy  from  Europe,  in  which 
we  fortunately  found  a  perfect  copy  of  "  Nature  and  Art,"  mentioned 
at  pp.  321,  421.  From  the  title,  which  is  annexed,  it  will  be  seen  that 
our  conjectures  respecting  its  author  and  date  of  publication  were  correct. 
"  The  Mysteries  ot  Nature  and  Art  in  foure  severall  parts.  The  first  of 
water-works  :  the  second  of  fire-works  :  the  third  of  drawing,  washing, 
limning,  painting  and  engraving  :  the  fourth  of  sundry  experiments.  The 
iecond  edition,  with  many  additions  unto  every  part.  By  John  Bate, 
Lond.  1635." 

At  page  19,  we  quoted  an  example  of  frugality  in  Dentatus  cooking  his 
simple. food  while  he  swayed  the  destinies  of  Rome.  There  is  a  parallel 
case  in  one  of  the  most  virtuous  of  the  Greeks,  viz.  Phocum,  Alexander 
esteemed  him,  but  could  never  induce  him  to  accept  of  gifts,  although  he 
was  always  poor.  At  one  time  the  Macedonian  warrior  sent  him  out  of 
Asia  a  hundred  talents  as  a  mark  of  his  regard  ;  but  when  the  envoys 
arrived  with  the  treasure  at  Athens,  Phocion  was  inflexible-— he  would 
not  touch  it.  They  then  followed  him  to  his  house,  and  were  astonished 
beyond  measure  to  find  the  wife  of  this  truly  great  man  making  bread,  and 
himself  drawing  water. 

Warship  ofWeUs,  pp.  33-37.  "  The  worship  of  this  well  of  St.  Edward 
was  particularly  forbid  by  Oliver  Sutton,  bishop  of  Lincoln,  in  the  time 
of  Edward  I.  This  well  worship  is  strictly  forbidden  in  Kin^  Edgar's 
canons,  and  K.  Gnute's  laws,  as  'twas  in  a  council  at  London  under 
Archbishop  Anselm,  in  the  year  1102 ;  and  some  of  our  best  criticks 
observe  that  what  is  translated  trt/i-worship  in  Colossians,  ii,  23,  should 
be  t£»c//-worship." — Hearne's  Preface  to  Robert  of  Gloucester's  Chronicle.) 

WeUs  wilh  Stairs,  p.  53.  An  extraordinary  well  of  this  kind  was  built 
by  Pope  Clement  VII.  in  1528. — (See  Lond.  Mechanics'  Mag.  vol.  ii,  208.) 

ToumC'hrache,  p.  75.  In  the  33d  year  of  Henry  VI.  A.  D.  1454,  an 
ordiTiance  was  established  for  reducing  the  expenses  of  the  king's  house- 
hold. Instead  of  a  larger  number,  only  "  vj  children  of  ye  kechyn  tourne- 
broches"  were  appointed,  i.  e.  to  turn  the  spits. — (Proceedings  and  Ordi- 
nances of  the  Privy  Council  of  England,  edited  by  Nichols,  vol.  vi,  229.) 
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Raising  Water  through  a  Screw,  p.  140.  Some  peraons  deceived  bj 
the  apparent  facility  of  working  a  water  screw,  especially  when  its  Jour 
nals  are  delicately  ntted  to  their  bearings  and  they  turn  with  little  friction, 
imagine  that  it  not  only  elevates  the  liquid  with  a  less  expense  of  force 
than  any  other  machine,  but  with  less  than  is  due  to  the  quantity  raised ; 
hence  it  has  often  been  adopted  in  projects  for  the  perpetual  motion.  When 
arranged  so  as  to  be  turned  by  an  overshot  tohed,  it  constitutes  one  half  of 
the  first  attempts  at  a  solution  of  that  impossible  problem,  under  ths  im- 
preshion  that  it  would  raise  and  discharge  upon  the  wheel  all  the  water 
expended  in  moving  it !  The  inclined  position  of  a  water-screw  is  sup- 
posed to  contribute  to  this  imaginary  result,  for,  say  these  reasoners,  the 
water  then  arrives  at  the  top  by  naturally  flowing  along  each  convolution, 
while  the  force  consumed  is  little  if  any  more  than  would  be  required  to 
turn  the  tube  if  empty  !— ^the  fluid  being  thus  raised  in  a  diflferent  manner 
and  with  much  less  force,  than  when  lifted  directly  and  perpendicularly 
by  the  piston  of  an  atmospheric  pump,  or  driven  up  by  that  of  a  forcing 
one ! 

In  these  projects,  the  action  of  the  wheel  depends  of  course  as  much 
upon  the  screw,  as  that  of  the  latter  does  upon  the  wheel ;  in  other  words, 
each  is  designed  to  turn  thn  other :  but  the  very  idea  of  two  machines 
reciprocally  moving  each  other  at  the  same  time  is  palpably  absurd*  The 
two  forces  will  either  be  equal  or  unequal.  If  they  are  alike  both  would 
be  in  equilibrio,  and  the  machines  would  remain  at  rest ;  and  if  at  anj 
time  one  force  exceeded  the  other,  the  same  result  would  necessarily  take 
place,  for  the  smaller  could  not  then  overcome  the  greater.  If  the  wheel 
could  transmit  its  entire  force  to  the  screw,  (undiminished  by  resistance 
from  the  air,  the  friction  of  its  bearings  and  that  of  the  intermediate  me- 
chanism,) it  would  still  be  impossible  for  the  latter  to  return  it,  because  to 
do  so  a  greater  force  than  that  derived  from  the  wheel  would  be  required ; 
a  machine  cannot  be  moved  and  at  the  same  time  move  its  mover. 
When  moved,  its  force  is  less  than  that  by  which  it  is  moved ;  and  if  it 
becomes  the  mover,  its  force  must  exceed  mat  of  the  machine  to  which  it 
imparts  motion. 

The  effect  of  any  machinery  composed  of  levers,  cranks,  wheels,  ^cc. 
and  moved  by  water,  animals,  or  men,  can  never  exceed  the  power  that 
moves  it  for  there,  is  nothing  in  wood,  iron  and  brass,  or  in  any  combina- 
tion of  them,  by  which  they  can  create  Jorce,  or,  what  is  the  same  thing, 
give  out  more  than  is  imparted  to  them.  As  well  might  we  expect  to 
a  carriage  returning  of  itself  from  a  long  journey,  and  laden  with  the  ho 
that  drew  it  from  home. 

Wilkins  has  given  a  chapter  in  his  Mathematical  Magic  on  "  composing 
a  perpetual  motion  by  fluid  weights."  His  prominent  plan  was  raising 
water  by  a  screw,  and  discharging  it  on  float  boards  attached  to  the  screw 
ilse?.f.  He  quotes  older  authors  who^  indulged  the  same  whim.  Visiuna 
of  great  mechanical  discoveries  often  burst  upon  the  ingenious  prelate,  as 
well  as  on  lay  inventors :  in  such  seasons  he  was  ir  ecstacies.  When  he 
f.rst  thought  of  obtaining  power  by  means  of  a  water-screw,  he  says,  **  I 
could  scarce  forbear  with  Archimedes  to  cry  out,  Eurtka !  Bmreka  I  it 
seeming  so  infallible  a  way  for  the  effecting  of  a  perpetual  motion,  that 
nothing  coula  be  so  much  as  probably  objected  against  it :  but  upon  triai 
and  erpenence  T  And  it  altogether  insufflcient  for  any  such  purpose."* 

Tn  the  Gentle  nan's  Magazine  for  1747,  p.  459,  there  is  a  description 
and  figure  of  c  similar  device-— either  water  or  balls  were  to  be  raised 
through  a  screw  and  dropped  upon  an  overshot  wheel. .  It  was  devised 
by  a  CjI  Kranach  of  Hamburgh,  who,  in  a  pamphlet,  declared  he  had 
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spent  thirty  yeara  in  per&cbng  it.  Ho  proposed  it  u  »  substitute  for  wind 
end  water-mills,  and  particularly  for  raising  water  and  ore  from  mine*. 
In  the  same  work  foi  1751,  p.  448,  there  is  "  a  Belf-moving  wheel."  And 
at  p.  391,  "a  self  moving  machine;"  the  latter  by  a  Polish  Jesuit;  it  con- 
sisted of  a  wheel,  ropes,  pulleys,  a  pump,  weights,  &c.  and  of  course,  like 
Kranach's,  could  no  more  mnve  of  itself  than  a  lamn-post,  nor  increase 
any  force  imparted  to  it  than  could  a  collection  of  paving  stones. 

If  a  perpetual  motion  could  be  obtained  by  a  water-wheel  and  screw 
as  above,  then  it  would  follow  that  a  bricklayer's  laborer  could  convey  a 
bod  of  mortar  or  a  bucket  of  water  to  the  top  of  a  building  with  a  much 
less  expenditure  of  force  by  traveling  along  a  circular  stair-way,  than  by 
ascending  directly  up  a  ladder,  and  whether  he  carried  tbe  load  on  his 
shoulder  or  dragged  it  after  him  by  a  cord.  But  the  fact  is,  a  100  ib.  of 
water  cannot  bv  any  contrivance  whatever  be  conveyed  to  the  top  of  a 
building  with  a  force  less  than  would  be  required  to  pull  up  the  same 
weight  of  sione  or  mortar  in  a  bucket :  it  can  no  more  be  wheedled  out 
of  its  gravity  by  passing  it  up  an  inclined  plane  than  a  vertical  one— 
tiirnugh  a  helical  tube  than  through  a  straight  one. 

Ckain-Painpf  in  S/tipi,  p.  154.  John  Bute,  describing  a  chain-pump  io 
1633,  says,  a  short  brass  chamber  smoothly  bored  was  inserted  in  ths 
lower  end.  The  pistons  were  fitted  to  this,  and  the  rest  of  the  pipe  vraM 
of  larger  bore.  The  chain  was  of  iron  and  carried  round  by  a  sprocket 
wheel.  Each  piston  consisted  of  a  disk  of  Iiorn  between  two  of  leather. 
Such  a  pump,  he  observes,  "  goeth  very  strongly,  and  therefore  had  need 
be  ma-le  with  wheels  and  wrought  by  horses,  for  so  the  water  ia  brought 
up  at  Bn.ken  VVharfe  in  London."  He  names  the  chain-pump  "  an  engin 
whereby  you  may  draw  water  out  of  a  deep  well,  or  mount  any  river 
water Also  it  is  used  in  great  skipt.  which  I  have  seen." — {Mys- 
teries of  Nature  and  Art.) 

Almoipherk  Sprinkling  PoU,  p.  194.     When  Louis,  duke  of  Orleans 

and   Milan,  brother   of  Charles  Vll.   was   murdered,  (A.   D.  1407,)   his 

widow,  as  a  symbol  of  ber  distress  and  an  indication  that  the  rest  of  her 

life  would  be  spent  in  tears,  adopted  the  ckantepleure  or  garden  pot  as  an 

heraldic  device ;  and  which,  with  the  motto,  pliu  nr  vi'ftt  rient,  she  had 

engraved  upon  almost  every  thing  in  her  house.     No.  8S2  is  a  figure  of 

the  instrument.     (Devises  Heroiques,  par  K.  C.  Faradin,  A  Lyon,  1657.) 

No.  283  is  auotber  old  form 

of  the  atmospheric  spnnkler, 

from  a  Latin  Collection  of  Em- 

L,  blema  of  the  early  part  of  the 

I  17th  century.      The  motto  on 

"  a  flying  scroll  was  Modo  Sjii- 

ritvt  Adsit.    Air  was  admitted 

through  a  small  opening  near 

the  top,  which  was  closed  with 

the  point  of  the  linger. 

The  sixth  and  seventh  pro- 
blems of  Heron's  Spiritali*  re- 
late to  these  instruments.    The 
No.3n  No-ns.  ■  two  figures  there  given  are  hol- 

low spheres ;  a  small  circle 
round  the  bottom  t/einf  parforated,  and  a  minute  orifice  near  a  ring  or 
hand'.^  on  t..B  .en.  In  one  ;!;ere  is  a  partition,  so  that  two  different  liquids 
sould  ■to  contai^isd  within  ;  and  wine,  or  hot  and  cold  water,  dischargei} 
u  ubt!  or  the  jther  of  tbe  orifices  at  the  top  wu  uncovered. 


Fire-Engina  and  BtUotci  Pitmpt,  pp.  211,  321.  No.  S64  ia  a  beHtiws 
or  frictionless  pump,  from  the  lirsL  edition  of  Bate'a  Mysteries  of  Natora 
Uid  An.  It  is  identical  with  the  lire  engine  referred  to  in  oar  third  hook, 
except  being  placed  within  an  o[Ma  frame  instead  of  a  cislem  fixed  apoB 
wheel*.  For  iu  deicriptioii,  aee  pp.  321-2.  (The  leathern  bag  which 
tonnected  the  \m.i  brasa  veasela  ia  not  figured  by  the  old  artist.) 
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Wafer-  Whedt,  p.  282,  There  are  indications  in  the  Iliad  that  Vnlcan 
used  watar  power,  and  thai  it  was  hy  the  dextrous  concealment  of  It  and 
the  mechanism  by  which  it  was  transmitt«>d  ihat  enabled  him  to  enciie  in 
■o  high  a  degree  the  astonishment  of  his  contemporaries,  and  to  give  riso 
to  those  wonderful  stories  of  his  skill  that  are  even  yet  extanL  When 
engaged  at  the  anvil  Homer  represents  him,  like  a  modem  smith,  with  a 
single  pair  of  bellows.  Thus  Thetis  found  him  "  sweating  at  his  bellows 
huge  ;"  but  in  other  scenes,  ho  is  exhibited  rather  as  manager  of  extensive 
forges  for  (he  redttetion  of  metals;  the  fires  being  urged  by  a  large  num* 
ber  of  bellows  moved  either  bv  water  or  some  other  inorganic  force.  Like 
a  superintendent  of  modern  iron  or  copper  works,  ordering  the  bellows 
to  be  thrown  into  geer,  and  the  blasts  increased  or  diminished  as  circum- 
stances require:  so  Vulcan  "turning  to  the  fires,  he  bade  the  bellows 
heave :"  then 


Of  Vulcan's  numerous  works  none  were  more  celebrated  Vy  the  ancient* 
than  the  two  android*  which  assisted  hiiii  at  the  anvil.  They  were  ohvi- ' 
ously  nothing  more  than  ingenious  devices  for  concealing  the  mechanism 
hy  which  motion  was  communicated  to  ihe  sledges  they  held  in  iheir 
hand*  j — in  other  words,  mere  trip  hammert,  and  worked  most  likeiy  by  • 
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diafant  w«ier  wheel.  The  rods  or  leven  which  comm  micated  the  motioD 
were  |irobably  concealed  under  the  floor,  and  terminated  at  the  feet  of  the 
figures,  while  Vulcan  could  easily  throw  them  in  and  out  of  geer  unper* 
ceived.  It  can  readily  be  imagined  what  the  effect  of  two  well  executed 
working  tmagea  of  t)iia  kind  must  have  been  in  early  times. 

Eolijiilei  fir  JFuting  Metals,  p.  397.  The  surprising  effects  produced  in 
modern  days  by  steam  and  those  more  important  ones  which  it  is  destined 
hereafter  to  accomplish,  will  always  render  examples  of  Its  early  employ- 
ment in  the  arts  interesting.  The  use  of  eolipiles  as  bellows,  like  that  of 
■Imaspheric  sprinklers  for  watering  pols,  has  long  been  discontinued,  and 
both  huv%  almost  passed  into  oblivion.  We  shall  therefore  offer  no  apoWy 
for  inserting  the  following  additional  illustrations  of  the  use  of  the  former  in 
bygone  times.  No.  285  ia  a  steam  blow-pipe  from  the  3d  ediL  of  John 
Bale's  work.  His  description  farms  an  admirable  comment  on  Wilkins'a 
observation,  (p.  396.)  that  eolipiles  were  used  in  melting  glass  and  metals. 
This  remark  of  the  bishop  has  been  quoted  by  several  writers,  but  net 
one  has,  to  our  knowledge,  endeavored  ta  show  how  steam  was  thue 
applied,  although  every  mechanic  on  perusing  Wilkins's  boolc  would,  like 
ourselves,  feel  anxious  for  informaiioa  on  the  subject 
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The  first  figure  consists  of  a  lamp  and  a  copper  ball  or  eolipile,  placed 
on  and  hi^ateaby  a  furnace  or  bracier.  The  apparatus  is  named  "a  device 
to  bend  glasse  canes,  [tubes,]  or  to  make  any  small  work  in  glasse."  "  Let 
there  be  a  vessel  of  copper  about  the  bignesse  of  a  common  foot-ball  :  let 
it  have  a  long  pipe  at  the  lop,  which  must  be  made  so  that  you  may  upon 
occasion  screw  on  lesser  or  digger  vents  made  for  the  purpose.  Fill  this 
one  third  part  with  water,  and  set  it  over  a  furnace  of  coals,  as  6 ;  and 
when  the  water  beginneth  to  heat,  there  will  come  a  strong  breath  out  of 
the  nose  of  the  vessel  chat  will  force  the  flame  of  a  lamp  placed  at  a  con- 
venient distance,  as  A  ;  if  you  hold  your  glasse  in  the  extension  of  the 
flame,  it  will  melt  suddenly  ;  so  you  may  work  what  you  will  thereof." 
Plate  observes,  that  some  persons  instead  of  this  apparatus  used  a  pipe 
(the  common  mouth  pipe)  fastened  on  a  bench  between  a  crolched  stick, 
OS  figured  at  C.  He  himself  occasionally  employed  this,  but  considered 
it  not  so  copvanient  as  the  eolipile. — (Mysteries  of  Nature  and  Art,  Lnnd. 
1635.) 

In  1650,  Dr.  John  French  published  "  The  Art  of  Distillation,  or  a 
Treaiis'>  on  the  Choisest  Spagyrical  Preparations  ....  with  descri])tii)ns 
of  the  ehiefcst  furnaces  and  vessels  used  by  ancierU  and  modern  chemists,' 
78 
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Of  old  derices  three  eoliptles  are  figured :  one  is  preeiselj  die  seme  m 
above  described  by  Bate.  French  oboerves,  that  it  **  blows  a  candle  to 
make  the  flame  thereof  strong  for  the  melting  of  glasses  and  nipping  them 
up."  No.  286  is  another  for  fusing  lixetals.  A  large  eolipile  is  perma- 
nently connected  to  a  furnace,  the  blast  being  conveyed  through  a  brick 
wall.  The  folio winj?  is  all  that  he  says  respecting  it :  D  "  signifies  that 
which  blows  a  fire  for  the  melting  of  any  metall  or  such  like  operation, 
and  it  blows  most  'forcibly  with  a  terrible  noise."  The  water  was  intro- 
duced through  an  opening  at  the  top.  E  is  a  portable  eolipile  to  be  held 
in  the  hand,  and  the  blast  applied  to  fixed  objects.  It  appears  from 
French,  and  also  from  Broker's  work  on  Metallurgy^  that  eolipiles  when 
used  for  blowing  fires  and  fusing  metals,  were  formerly  known  as  The 
PkUo$ophical  Bellows,  a  circumstance  that  Tenders  their  disappearance 
from  modem  writings  still  more  singular. 

Since  the  insertion  of  illustration  No.  18«5,  we  have  met  with  an  Eng- 
lish translation  of  Ercker*s  work,  by  Sir  John  Pettus,  *'  of  the  Society  of 
the  Mines  Royal,"  under  Charles  II.  but  who  appears  to  have  derived 
little  wealth  from  mining  speculations,  since  he  rendered  Ercker's  book 
into  English  while  confined  in  prison  for  debt.  The  translation  is  illus- 
trated with  fine  copperplate  engravings,  and  a  dictionary  of  technical  terms 
is  subjoined.  Under  the  word  bellows,  Pettus  mentions  the  "  philosophical 
bellows ;"  the  common  smith's  bellows,  and  very  large  ones  that  were 
worked  by  water-wheels,  and  which,  he  observes,  were  made*  "  in  imita- 
tion of  the  nature  of  a  cow  beast,  which  in  drawing  in  and  forcing  out  her 
breath,  is  said  to  bellow" — b.  quaint  definition  of  bellows,  but  one  which, 
we  believe,  gives  the  true  etymology  of  the  word.  Of  the  antiquity  of 
**  philosophical  bellows"  there  can  be  little  doubt.  They  were  probably 
used  by  the  fancy  glass-blowers  of  Egypt,  Greece  and  Kome,  as  well  as 
by  other  artists  in  the  reduction  of  metals.  The  transition  fVom  blowing 
ordinary  fires  with  eolipiles  to  such  operations  was  obvious  and  easy. 
There  is  a  passage  in  the  book  of  Joshua  which  seems  to  refer  to  the  early 
use  of  them.  In  one  of  the  contests  of  that  warrior  with  the  Canaanites,  it 
is  said  he  chased  them  to  *'  Mizrephoth-maim"— a  word  signifying  "  bur^ 
imga  of  waters,**  and  **Jumaces  where  metals  are  mdted.*'  A  place  that 
probably  derived  its  name  from  extensive  forges  that  were  urged  by  blasts 
from  eolipiles. 

Charging  Eolipiles  by  Atmospheric  Pressure,  pp.  395,  407.  Dr.  French 
observes,  **  You  must  heat  them  very  hot,  then  put  the  noses  thereof 
(which  must  have  a  very  small  hole  in  them,  no  bigger  than  a  pin's  head 
may  go  in)  into  a  vessel  of  cold  water,  and  they  will  presently  suck  in  the 
water."  Roman  eolipiles  were  charged  in  the  same  way,  as  is  clear  from 
their  description  by  Vitruvius,  for  they  had  but  one  opening,  through  which, 
he  says,  they  were  filled  with  water,  and  out  of  which  the  blast  issued. 

Eolipilic  Fire-Blowers  and  Idols,  pp.  398-400.  In  addition  to  those 
passages  of  Scripture  which  we  have  supposed  alluded  to  eolipiles,  a  few 
others  may  be  named.  The  sacred  writers,  it  is  well  known,  often  con- 
trast the  power  and  other  attributes  of  God  with  the  impotency  of  idols  : 
to  adapt  their  instructions  to  idolaters,  they  represent  the  Almighty  as 
excited  with  anger,  wrath,  fury,  &c.  apparently  in  reference  to  such 
passions  being  exhibited  (as  we  know  they  were)  by  idols,  and  particu- 
larly eolipilic  idols.  Why  should  God  be  represented  as  blasting  or 
eonsuming  men  with  streams  of  fire  froni  his  moitth,  and  with  smoke  from 
his  nostrils  t  kindling  coals  by  his  breath  f  Why  is  his  anger  said  to  smoke, 
to  bum,  to  wax  hot,  &c.  if  it  be  not  in  reference  to  such  idols  as  Pus- 
lerich,  or  those  images  described  by  Carpini  f  "  By  the  blast  of  God,*'  savf 
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Job,  "  the  wicked  perish,  and  by  the  breath  of  his  nostrils  are  they  con- 
iramed,*'  i.  e.  as  fuel  on  the  heartn  is  consumed  by  the  blast  of  an  eolipile. 
The  Psalmist,  describing  Gt>d,  says,  ".there  went  up  a  smoke  out  o^  his 
nostrils,  and  Bre  out  of  his  mouth  ;  coals  were  kindled  by  it."  "  Behold 
[says  Isaiah]  the  name  of  the  Lord  cometh  from  far  burning  with  his 
anger,  [or  the  grievuusness  of  flame  as  the  margin  has  it,]  his  lips  are  full 
of  indignation,  and  his  tongue  as  a  devouring  Are ;  and  his  breath  as  an 
overflowing  stream  shall  reack  to  the  midst  of  the  neck."  Again,  "  To- 
phet  is  ordained  of  old,  yea  for  the  king  it  is  prepared  :  he  hath  made  it 
deep  and  large  :  the  pile  thereof  is  Are  and  much  wood,  the  breath  of  the 
Lord  like  a  stream  of  brimstone  doth  kindle  it" 

It  appears  to  us  that  here  and  in  similar  passages  are  allusions  to  eoli- 
piles  of  the  human  form,  atfd  to  such  images  as  Pusterich,  from  whose 
eyes,  mouths  and  nostrils*  issued  streams  of  flame,  smoke,  steam,  &c. 
Perhaps  it  will  be  said  the  expressions  are  figurative  :  true  they  are  so  ; 
but  then  there  is  in  them  an  allusion  to  the  Oiings  from  which  the  figures 
are  derived.  When  God  is 'said  to  melt  his  people,  to  refine^  to  take  away 
the  dross  from  them,  every  one  perceives  tlie  allusions  to  metallurgical 
operations,  because  such  operations  are  known  to  all ;  and  equally  clear 
would  the  passages  quoted  above  appear  had  eolipilic  blowers  and  idols 
continued  in  use  to  our  times.  We  should  then  have  perceived  that  such 
expressions  as  t^ie  ntford  of  his  mouth,  swords  of  fire,  fiaming  swords,  Sec, 
were  neither  of  figurative  origin  nor  application  only  ;  for  from  the  variety 
of  eolipilic  images,  there  is  little  doubt  that  inflammable  fluids  were  made 
to  issue  from  diflerent  parts  of  them,  and  in  various  shapes — from  their 
mouths  as  tongues  of  fire,  and  from  the  hands  dis  fiaming  stoords,  &c.  We 
know  that  ancient  priests  were  exceedingly  expert  in  working  prodigies 
by  inflammable  fluids,  of  which  numerous  examples  might  be  quoted. 
When  Octavius  was  in  Thrace,  he  consulted  the  oracle  of  Bacchus,  and 
the  ministers  of  the  temple  finding  it  their  interest  to  gratify  him,  con* 
trived  that  when  the  wine  was  poured  on  the  altar,  a  body  of  flame  should 
burst  out  and  ascend  above  the  roof  of  the  temple ;  a  portent,  observes  Sue- 
tonius, "  that  had  never  happened  to  any  but  Alexander  the  Great,  when 
he  was  sacrificing  at  the  same  altar."  They  could,  of  course,  as  easily  have 
made  the  flame  dart  from  the  mouth  and  eyes  of  an  idol  as  from  the  altar, 

their  views  had  so  required  if. 

But  if  it  should  be  contended  that  the  passages  quoted,  rather  gave  rise 
to  idols  like  Pusterich,  i.  e.  were  hints  which  heathen  priests  worked 
from  in  order  to  produce  or  imitate  the  same  efl*ects,  it  will  not  affect  the 
inference  we  wish  to  draw  from  them,  viz.  the  antiquity  of  steam  and  vapor 
images.  In  connection  with  this  subject,  it  may  be  observed,  that  the 
famous  Palladium  of  Troy  was  probably  an  eolipilic  idol,  in  which  inflam- 
mable fluids  were  used ;  for  on  certain  occasions  finishes  of  fire  darted 
from  its  eyes,  as  from  the  mouth  and  forehead  of  Pusterich. 

If  biblical  critics  would  pardon  our  temerity,  we  would  also  suggest 
that  the  hares  or  images  which  Rachel  stole  from  her  father's  dwelling 
were,  like  the  small  Saxon  idol,  (p.  398,)  and  those  referred  to  in  Isaiah, 
(p.  400)  eclinilic  fire  blowers.  They  have  exceedingly  perQJlexed  com- 
mentators, who  after  suggesting  numerous  explanations,  generally  conclude 
by  observing  that  their  nature  and  uses  are  unknown ;  but  had  these 
writers  called  to  mind  the  ancient  employment  on  the  domestic  hearth 
of  brazen  eolipiles  of  the  human  form,  they  would  have  perceived  that  the 
name  of  Laban's  images  gave  an  indication  of  what  they  were.  In  all 
ancient  languages  proper  names  were  invariably  expressive  cf  some  pro* 
XDinent  feature,  attribute,  or  design  of  the  objects  named :  so  iif  these 
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tinagef— they  were  named  "  ieraphim**  a  word  signifying  "  biowe^^  £roi« 
tere^^  '*  io  bhw,**  So  also  the  eolipilic  idol  PuUerich  was  named  fixioi 
ptutfUf  "  to  blow."  (See  p.  399".)  £oli piles,  like  the  Lorn,  were  locaied 
on  the  hearth,  and  as  they  were  avowedly  made  and  nan-  td  after  a  god, 

iEoluSy)  and  were  designed  to  imitate  him  in  producing  blasts  of  wind, 
Varro  makes  the  lares  gods  of  the  air,)  it  was  natural  enough  to  adopt 
them  as  household  deities.  Rachel  was  evidently  an  intelligent  and  very 
shrewd  woman ;  ahd  as  we  have  no  reason, to  suppose  she  was  an  idolater 
after  having  lived  twenty  years  in  the  same  house  with  Jacob,  (if  indexed 
she  ever  was,)  it  is  not  at  all  likely  that  she  coveted  tlie  images  as  ididSf 
but  only  as  domestic  utensils  of  real  utility — utensils  which  she  had  long 
been  in  the  habit  of  nsing,  and  such  as  were  highly  desirable  in  setting  up 
housekeeping  for  herself. 

Expansive  Forrt  of  Sleam^  p.  409.  The  Stoics,  says  Plutarch,  attri- 
buted eartlix|uukes  to  aqueous  vapor  generated  within  the  earth  by  subter- 
ranean heat.  (Opin.  Philos.)  No  stronger  proof  that  the  ancients  were 
Jamiliar  with  the  force  of  steam  could  be  desired  :  the  idea  could  never 
have  occurred  except  to  men  practically  acquainted  with  the  irresistible 
energy  of  this  fluid  when  confined.  If  by  no  other  means,  we  may  be 
sure  they  had  frequent  proofs  of  this  energy  in  the  rupture  of  eoHpiles 
when  their  vents  were  closed.  The  hypothesis  of  Plato  respecting  the 
conversion  of  water  into  air  and  Jire^  (mentioned  below,)  shows  him  to 
have  been  a  close  experimenter  on  steam  at  different  temperatures.  The 
old  theory  of  boiling  springs  being  forced  from  the  interior  by  steam,  im- 
plies  a'so  an  acquaintance  with  devices  for  raising  water  by  it. 

Identity  of  Steam  and  Air,  pp.  395-400,  418-421.  This  erroneous 
opinion  doubtless  dates  back  to  the  early  ages,  during  which  it  led  to  the 
invention  of  eolipiles,  and  to  the  ^rst  mechanical  application  of  aqueous 
vapor,  viz.  to  blow  fires,  instead  of  wind  from  bellows.  It  is  singular, 
however,  that  such  an  opinion  should  have  been  maintained  at  so  late  a 
period  as  the  close  of  the  17th  century — that  modem  as  well  as  an- 
cient philosophers  should  have  taught  that  water  rarefied  by  heat  was 
converted  into  air,  and  that  air  condensed  by  cold  was  returned  into 
water.  Besides  the  examples  already  given,  we  add  a  few  more.  Of  the 
elements  into  which  philosophers  formerly  resolved  all  things  material, 
viz  :  earth,  tDafer,  air  and  Jire,  Platn  suspected  the  last  three  were  but 
modlBcations  of  one ;  at  any  rate,  he  supposed  they  were  convertible  into 
each  othei^— that  water  attenuated  by  heat  was  dilated  into  air,  (steam,) 
and  that  this  by  &  higher  temperature  became  an  invisible  and  glo^^-ing 
fluid  or  fire.  (Plutarch,  Opin.  Philos.)  Plutarch  himself,  in  his  Treatise 
on  Cold,  observes,  "  aire  when  it  doth  gather  and  thicken  is  converted  into 
water,  but  when  it  is  more  subtile  it  resolveth  into  fire ;  as  also  in  the 
like  case,  water  by  rarefaction  is  resolved  into  aire."  Pliny,  in  speaking 
of  winds  says,  "  aire  is  gathered  into  a  waterie  liquor."  The  sweating 
of  walls,  breathing  on  glass,  moisture  on  the  outside  of  a  tumbler  of  water, 
&c.  were  considered  proofs  that  cold  condensed  air  into  water.  Lord 
Bacon,  in  his  Sylva,  Expers.  27  and  76,  speaks  of  '*  the  means  of  turning 
aire  into  water,"  and  Exp.  91,  relates  to  "  the  version  of  water  into  aire." 
Norton,  (a  contemporary  of  Bacon,)  in  his  "  Rehearsal  of  Alchemy,"  versi« 
fies  the  old  doctrine  thus  : — 

Bnt  syre  eondem'd  is  tum'd  to  rains. 
And  water  rarefied  comes  ayre  again. 

fVind-MiUs,  p.  418.     These  were  known  in  England  in  the  13th 
oentory.    At  the  battle  of  Lewes,  A.  D.  1264,  "  there  was  many  a  modra 
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•ome  broeht  to  grounde  and  the  kynge  of  Almajne  was  taken  in  a  Wjfnde 
my^e/'— (Hearne's  Glossary  to  Peter  Langtoft's  Chronicle.) 

hUdligence  <f  Animal's  exemplified  in  Raising  Water ^  p.  74.  Plutarch 
in  his  comparison  of  land  and  water  animals,  says,  oxen  were  employed 
in  raising  water  for  the  king  of  Persia's  gardens  at  Susa,  "  by  a  device  of 
wheels  which  they  turned  about  in  manner  of  a  windlass."  Each  ox  was 
requi"ea  to  raise  one  hundred  buckets  daily,  and  as  soon  as  that  number 
was  completed,  no  efforts  of  the  attendants  could  induce  him  to  add  another. 
Attempts  were  made  to  deceive  the  animals  but  without  effect,  so  accu- 
rately "  did  they  keep  the  reckoning." 

Imprieoning  Chairs,  p.  429i  Such  devices  are  very  ancient.  The  first 
proof  of  Vulcan*s  mechanical  ingenuity  is  said  to  have  been  a  throne  or 
chair  of  gold,  with  secret  springs.  This  he  presented  to  his  mother,  and 
no  sooner  was  Juno  seated  in  it  than  she  felt  herself  pinioned  and  un- 
able to  move.  The  gods  interfered,  and  endeavored  to  release  her,  but 
without  eflbct ;  and  it  was  not  till  the  artist  had  sufficiently  punished  her 
for  hec  want  of  affection  towards  him  that  he  consented  to  let  her  go. 

Nabis,  the  tyrant  of  Lacedemon,  had  a  device  for  extorting  money  from 
the  wealthy.  It  was  a  statue  of  a  female  clothed  in  rich  apparel.  When 
any  one  refused  to  part  with  his  wealth,  the  tyrant  introduced  him  to  the 
image,  which  by  means  of  springs,  seized  him  in  its  arms,  and  put  him  to 
the  most  excruciating  torments,  by  forcing  numerous  bearded  points  into 
his  bodyv 

Rotary  Pumps,  EoHpiles,  SteamrCrwis,  &c.  In  "  Mathematical  Recrea- 
tions, or  a  collection  of  sundrie  excellent  problems,  out  of  ancient  and 
modern  philosophers  ;  written  first  in  Greek  and  Latin,  lately  compil'd  in 
French  by  H.  Van  Etten,  and  now  in  English,  Lon.  1674/'  is  a  rotary 
pump  similar  to  the  one  we  have  figured  at  p.  285  :  it  is  named  *'  a  most 
soveraign  engine  to  cast  water  high  and  far  off  to  quench  fires."  A  goose- 
neck like  those  now  used  is  also  figured — also  an  atmospheric  garden  not 
—magic  cups— -three-way  cocks— -ear  trumpets,  and  eolipiles.  Of  the  last, 
the  author  says,  "  some  make  them  like  a  ball,  some  like  a  head  painted, 
representing  the  wind — some  put  within  an  eolipile  a  crooked  tube  of 
many  foldings  to  the  end  that  the  wind  impetuously  rolling  to  and  fro 
within,  may  imitate  the  voice  of  thunder — some  apply  near  to  the  hole 
small  windmills,  or  such  like,  which  easily  turn  by  reason  of  the  vapors.*' 
One  problem  relates  to  the  "  charging  of  a  cannon  without  powder." 
This  was  done,  1st,  bv  air  as  in  the  air-?un  ;  and  2d,  by  steam,  the  latter 
fluid  to  be  generated  from  water  confined  in  tlie  breech. 

Olaus  Magnus  mentions  eolipilic  war  machines,  apparently  similar  CO 
those  described  by  Carpini,  (see  page  400.)  They  are  distinguished  from 
every  species  of  guns  :  he  calls  them  ''  brazen  horses  Uiat  spit  fire  :  they 
were  placed  upon  turning  wheels,  and  carried  about  with  versatile  engines 
into  the  thickest  body  of  the  enemy  :  they  prevailed  so  far  to  dissolve  the 
enemy's  forces,  that  there  seemed  more  hopes  of  victory  in  them  than  in 
the  souldiers."— (History  of  the  Goths,  book  ix,  chap.  3,  Eng.  Tram. 
LoLd  1658.) 
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Is  consequence  of  a  suggestion  that  a  littfe  additional  matter  on  Eoli- 
pilic  automata  would  add  interest  to  this  volume,  a  few  specimens  accom- 
panied with  cursory  observations  are  subjoined.  The  figures  themselves 
constitute,  perhaps,  a  better  exposition  than  any  thing  which  can  now  be 
written  on  the  devices  which  they  represent — devices  onco  wielded  with 
terrible  effects  by  both  sacerdotal  and  military  engineers. 

Like  extinct  natural  monsters,  oracular  and  warring  EoHpiles  have 
disapptsared  from  the  earth  and  left  scarcely  any  authentic  vestiges  be- 
hind. They  belonged  to  certain  states  or  conditions  of  society  which 
they  could  not  survive.  Indigenous  to  ages  of  darkness,  they  Hounsfaed 
only  in  the  absence  of  light.  Kecedin^,  as  civilization  advanced,  it  may 
be  said  of  them,  as  of  spectres,  they  flutter  at  dawn  and  vanish  as  soon 
as  the  sun  (of  science)  has  risen.  But  they  are  not  the  less  interesting 
subjects  of  research  because  of  the  evils  Uiey  inflicted  on  our  species, 
any  more  than  are  geological  remains  of  mammoth  beings  which  preyed 
on  inferior  tribes.  Antique  Eolipiles  are  in  some  respects  the  richest  of 
artificial,  as  fossil  bones  are  of  natural,  relics.  Both  are  unique  memo- 
rials of  past  times — vivid  remembrancers  of  strange  beings  and  dark 
deeds.  The  former  afford  pnjofs  of  stupendous  animals  reigning  as  mo- 
narchs  over  the  woods  and  waters  of  the  old  world ;  and  the  latter  re 
mind  us  of  moral  monsters,  preying  with  surprising  facility  upon  all 
classes  of  men. 

Pictorial  representations  of  idolatrous  and  fighting  eolipiles  are  ex- 
ceedingly rare ;  and  these,  few  as  we  find  them,  if  not  ti*ansferred  to  mo- 
dern pages  will  soon  be  irrecoverably  lost.  Those  which  follow,  though 
deplorably  imperfect  and  objure,  will  be  acceptable  to  most  readers,  if 
not  to  all.  Examples  of  the  employment  of  elastic  and  inflammable 
fluids  under  singular  circumstances,  they  can  hardly  fail  to  eiioit  the 
attention  of  inquirers  into  the  origin  and  history  of  motive  mechanism. 
They  may  afford  hints  on  old  and  lost  arts.  Nor  do  they  lack  intei^est  to 
general,  or  even  learned  readers  ;  for,  besides  illustrating  ancient  society 
and  manners,  they  reflect  light  on  the  darkest  passages  of  poetry  and  n)- 
mance:  they  add  strength  to  the  conviction  that  much  which  ancient 
literature  has  failed  to  explain,  a  close  examination  of  ancient  arts  may 
yet  render  clear.  Even  the  Eolipile,  simple  as  it  seems,  promises  to 
conduct  inquirers,  like  the  clew  of  Ariadne,  through  labyrinths  as  per- 
plexing as  those  which  puzzled  old  travellers  to  Egypt  and  Crete. 

Of  all  the  freaks  of  poor  human  nature,  idolatry  is  the  strangest;  and, 
taken  in  connection  with  evils  springing  from  it,  the  most  infectious  and 
fatal  of  maladies.  Hitherto  ineradicable,  inexpugnable,  it  has  tainted 
all  epochs,  polluted  all  people.  Its  ravages  have  beep  more  destructive 
than  war,  more  distressing  than  famine.  It  has  been  the  fertile  source  of 
both.  Superstition,  the  parent  of  idolatry,  is  peculiar  to  man,  unless  de« 
mona  be  tormented  by  it»  which  is  not  unlikely*  f<»r,  besides  its  associa* 
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iirms  being  ti*u1y  diabolical,  (it  has  every  where  erected  altars  to  Baals 
and  furnished  victims  to  Molochs,)  it  seems  the  natural,  and  may  be  the 
universal  punishment  of  mental  debasement.  It  is  to  the  mind  what  pre- 
mature decrepitude  is  to  the  body — a  horrible  penalty  for  violating  a 
fundamental  law  of  our  nature*  for  stunting  the  soul's  growth,  for  not 
cultivating  the  intellectual  with  the  physical  faculties,  that  both  might 
expand  and  improve  together ;  that  infant  puerilities  might  be  succeeded 
by  youthful  intelligence  and  masculine  knowledge.  Instead  of  this, 
superstition  unites  dwarfed  and  crippled  minds  to  grown  up  bodies- 
stocks  the  world  with  souls  blind  to  their  destinies  and  duties,  and  con- 
sequently to  the  great  purposes  of  existence  lojft.  Where  else,  then,  can 
such  abortions  be  more  appropriately  consigned  than  to  the  hades  of  ig- 
norance^— of  sottish  delusions — to  murky  regions,  where  the  sickly  ima- 
gination sits  an  incubus  on  the  prostrate  judgment,  and  visions  of  insanity 
are  reckoned  as  realities ;  where  the  occupants  wander  among  shades, 
and  mutter  the  gibberish  of  phantoms. 

A  stranger  to  natural  causes,  startling  phenomena  have  ever  filled  the 
barbai-ian  with  dread.  To  account  for  such  things  he  people?  the  ele- 
ments with  imaginary  beings,  who  control,  as  he  supposes,  all  mundane 
affairs  at  their  will.  Meteorological  commotions,  pain,  'sickness,  death, 
and  every  public  and  private  calamity,  were  held  as  manifestations  of 
their  power  or  their  wrath  ;  hence  the  idea  of  propitiating  beings  so 
mi<]rhty  and  malignant ;  hence  idolatry  with  its  direful  progeny,  magic, 
divination,  necromancy,  and  their  congeners ;  and  hence  too  the  rii^e  of 
those  astute  spirits  who,  from  the  beginning,  have  subdued  the  milliou 
by  working  on  their  fancies  and  fears — who  have  raised  themselves  into 
gods  and  sunk  the  rest  of  mankind  into  brutes. 

Idols  were  almost  invariably  modeled  after  hideous  forms,  because 
dcsiirned  to  excite  terror.  This  was  in  accordance  with  the  principles 
on  which  demonolatry  was  founded.  As  fear  was  to  be  awakened  it  was 
essential  to  make  them  correspond,  as  nearly  as  could  be,  with  the  evils 
they  had  power  to  inflict  or  emotions  they  were  designed  to  inflame. 
To  have  made  them  more  attractive  than  repulsive  would  have  been 
preposterous,  since  it  would  have  been  neglecting  the  cultivation  of  that 
passion  upon  v/hich  their  efficiency  rested.  .  Their,  makers  knew  their 
business  better.  In  nothing  is  the  versatility  of  ancient  genius  more 
apparent  than  in  representations  of  the  horrible— ^in  conjuring  up  images 
to  cause  the  timid  to  tremble  and  the  bohl  to  recoil — the  most  hideous  of 
hybrids,in  which  were  combined  features  derived  from  every  thing  on  the 
earth  and  in  the  waters  under  the  earth  calculated  to  excite  abhorrence 
and  dread.  Perhaps  it  is  not  too  much  to  say  that  here  also  little  is  left 
^  for  professors  of  the  Jine  arts  to  do,  except  to  imitate  works  of  old  mas- 
ters. Invention  seems  out  of  the  question.  Our  best  and  worst  specimens 
of  diablerie  and  the  monstrous  are  but  copies  and  caricatures  of^originals 
in  old  pal.eres  of  furies,  minotaurs,  hydras,  chimaeras,  centaurs,  sphinxes, 
fauns,  dragons,  griffins,  gorgons,  satyrs,  harpies,  hippogriffs,  and  other 
unearthly  combinations  of  human  bodies  with  those  of  beasts,  birds,  fish, 
rtptiles  and  demons. 

But  .^lastly,  terrific  or  fiendish  features  were  not  alwa.ys deemed  suffi- 
cient. It  was  expedient  to  communicate  active  qualities,  such  as  might 
influenca  ether  senses  than  the  sight,  and  which,  being  appropriate  to 
the  character  an  idol  was  intended  to  sustain,  might  serve  still  further  to 
esta'bl!«jL  or  increase  its  fame.  Thus,  some  moved  their  heads,  arms 
hands,  eyes  ;  otheni  spoke,  groaned,  smiled,  perspired,  laughed,  &c.  &c 
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A  few,  like  the  image  of  Nabis,  squeezed  unbelievers  to  death  in  dieii 
Arms,  and  others,  like  the  gods  of  the  Zidonians,  in  their  fury  swallowed 
oflTenders  alive.  The  repeated  declarations  in  the  Bible  that  gods  of 
•tone,  wood  and  metal,  neither  saw,  hea\'d,  ate  nor  "  spake  through  their 
throats,"  Sec,  imply  that  by  priestly  artifice  these  and  other  functions  were 
imitated.  Had  all  been  dumb,  motionless  statues,  this  constant  denial  of 
Buch  powers  to  them  would  have  been  nugatory.     , 

The  date  of  androidal  idols  is  unknown :  they  appear  to  have  been 
co-eval  with  the  use  of  metals — are  perhaps  of  a  still  earlier  date,  for 
modern  savages  have  attempted  them.  They  were  found  so  effectual  as 
to  have  become  important  instruments  in  the  hands  of  rulers  in  aniehis- 
tone  eras;  while  to  devise  and  work  them  became  the  prufb2>si(iu  uf 
priests.  As  society  advanced  the  treasures  of  states  and  temples  were 
expended  in  their  production,  and  the  influence  of  both  was  exercised  in 
establishing  their  reputation  :  a  union  of  wealth  and  intelligence  which 
accounts  for  the  perfection  and  celebrity  of  many  ancient  androids. 

Ever  on  the  look  out  for  novel  and  imposing  devices,  the  founden 
and  fosterers  of  idolatry  were  too  close  observers  to  overlook  the  most 
appalling  of  nayire's  displays,  and  too  keenly  alive  to  their  interests  to 
remain  ignorant  of  the  means  of  imitating  them.  At  an  early  day  those 
gods  were  counted  the  greatest  that  had  power  over  fire  and  controlled 
atmosph^ical  tempests — that  spake  in  thunder  and  whose  darts  we  e 
the  electric  fluid.  On  this  belief  EoUpilic  idols  arose^  a  class  certainlv 
among  the  most  productive  if  not  among  the  most  ancient.  They  were 
necessaiily  the  work  of  the  founder,  not  of  the  carver,  and,  as  already 
intimated,  not  a  few  of  the  "  brazen"  or  **  mt)lten'*  images  of  the  Old 
Testament  were  more  or  less  allied  to  them — an  inference  justified  by 
numerous  allusions  to  blasts  of  flame,  smoke  and  wind  issuing  from  their 
mouths  and  eyes,  &c.  There  was  probably  less  difficulty  in  the  apotheosis 
of  Eolipilic  images  than  of  others.  When  idolatry  was  universal  few 
could  refuse  subjection  to  deities  that  rivalled  Neptune  in  shaking  rhe 
ground — Jupiter  in  his  character  of  the  thunderer;  and  Piuto-^the  grim 
and  inexorable — the  sulphur-enthroned  god — in  the  worst  of  hjs  fuQo- 
tions.  To  none  werd  apotrophic  hymns  so  fervently  addressed,  fbr  none 
looked  more  threatening  and  fierce,  or  gave  out  such  awful  manifesta- 
tions of  wrath. 

Of  their  authors  or  inventors  there  is  no  room  to  doubt.  They  were 
men  whose  intelligence   was  far  in  advance  of  their  times,  who  mono- 

Solized  knowledge  for  the  sole  interest  of  their  class.  Claiming  kin- 
rod  with  heaven,  freed  from  worldly  cares,  clothed  in  reverend  ve«t- 
ments,  they  lived  apait  from  other  people ;  holy  and  artless  in  appear- 
ance, yet  adepts  in  artifice  and  very  devils  in  craft.  Hierophantic  magi- 
cians sojourr.ed  in  temples,  feasted  on  tythes  and  got  rich  by  means  of 
idols.  They  m'>ved  gods  to  compassion  by  wires,  and  roused  them  to 
anger  by  explosive  compounds.  Their  professional  attainments  are  in- 
disputable. In  the  roguish  departments  of  physics  they  were  never  sur- 
passed. What  resources  and  talents  did  those  of  Egypt  display  in  com* 
'  peting  with  Moses,  even  to  the  developmeut  of  lower  forms  of  life  I 
The  laboratory  was  their  study,  natural  science  the  roiume  over  which 
they  pored,  the  knowledge  of  latent  phenomena  their  wealth.  It  is  im- 
possible to  think  on  the  variety,  magnitude  and  difliculties  of  some  <d 
tlieir  impostures  without  conceding  to  them  excelling  ingenuity  and  im- 
pudence sublime.  In  chemistry  and  mechanics  they  were  profound  :  of 
their  contrivances  few  were  more  aaccessful  that*  those  to  which  both 
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■ciences  contributed;  but  of  &1I  their  cbemico- mechanical  proJuctiom 
perhaps  none  performed  gfeator  deeds  of  renown  than  the  Eolipile. 

To  ac(»>nipliBli  its  purposes  ihis  tustrument  put  on  a  straoge  diversity 
of  shapes,  and  was  endowed  with  such  attributes  as  its  adroit  managen 
required;  but,  purposely  disguised  as  it  was,  and  its  muvenieiits  inge- 
niously masked,  its  foimer  tricks  are  not  entirely  concealed  fay  the  veil 
which  time  has  dropped  over  the  stirring  dramas  of  aDcient  life.  It  may 
be  detected,  though  too  remote  to  be  distinct.  In  the  deepeet  obscurity 
its  performances  ai-e  too  peculiar  to  be  mistaken.  It  appears  to  havs 
flourished  in  mythrtlogic  and  heroic  ages,  and,  naturally  enough,  thnsA 
wore  the  times  of  ita  greaieat  achievements.  Besides  a  few  minor  en- 
gagements, it  was  principally  employed  in  personating  three  remark- 
able characters ; — a  god,  a  warrior,  and  a  guardian  of  treasure.  In  tho 
temple  it  descended  with  neophytes  into  the  saered  chambers  and  took 
part  in  the  lesser  and  sublimer  mysteries,  while  at  the  altar  it  confimi- 
ed  the  faith  of  its  worshipers  by  miracles  wrought  in  their  presence. 

In  war  ita  effects  were  once  equally  decisive.  Its  appearance  alone 
sufficed,  like  the  head  of  Medusa,  to  petiify  opponents  with  horror. 
Superstitious  troops  (in  early  times  all  were  superstitious)  were  as- 
tounded at  the  sight  of  an  enemy,  supernatural  in  foiTn,  borne  along  in 
chariots  of  clouds  and  whirlwinds  of  fii'e  ;  no  Htmnger  proof  of  the  giids 
being  against  them  could  be  adduced.  Like  the  aflrigbted  Philistines 
under  a  similar  persuasion,  their  hearts  would  mel)^wiihin  them,  and 
ere  they  fled  they  exclaimed  with  the  waniors  of  Canaan,  "  Wo  unto 
us  !    Who  shall  deliver  us  out  of  the  bands  of  these  mighty  gods  t" 

As  a  serpent  or  dragon,  it  couched  by  the  portals  of  palaces  or  lay 
at  the  entrance  of  caverns  to  protect  the  plunder  its  owners  had  pottea 
together.  / 

The  annexed  figures  and  subsequent  remarks  may  serve  to  elucidate  io 
a  feeble  degree  a  few  of  its  performances  under  each  of  these  character* 

Idols,  especially  Eolipilic  ones,  belong  to  a  department  of  ecclesias- 
tical history  hitherto  little  examined  and  less 
understood.  True,  they  recall  no  very  pleasing 
associations,  yet  they  make  us  acquainted  with 
many'curious  transactions.  This  figure  is  a  re- 
presentation of  Pusterich,  a  bronze  Eolipilic 
god  of  the  ancient  Germans,  described  at  page 
^  399,  to  which  the  reader  is  referred.  The  burn- 
ing fluiils  and  flame  issued  from  the  mouth  and 
the  eye  or  orifice  in  the  middle  of  the  forehead. 

This  is  not  near  so  repulsive  as  many  an- 
ient and  modern  idols :  compared  with  some 
it  might  almost  be  deemed  engaging.  Perhaps 
its  admirers  were  too  far  advanced  to  relish  a 
mongrel  deity,  or  one  with  an  extra  number  of 
heads  or  limbs.  It  is  but  one  among  many  of 
its  kind  which  might  be  adduced,  had  we  the  | 
history  of  numerous  bronze  images  extant,  or 
of  others  noticed  in  antiquarian  works.  Seve- 
ral have  openings  behind  and  fitted  for  plugs,  mo.  SB?.  iMint  Eti^dk  tdoL 
as  if  designed  for  charging  them  with  liquids. 

There  is  an  impresaive  resemblance  between  this  figure  and  that  of  B 
Cyclop,  and  there  may  be  a  real  similitude  between  idola  of  this  kind 
and  the  three  fabled  sons  of  Neptune  and  Ampbi'Tite.  As  remarked  fur 
37 
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flier  on  fire-hreathing  and  other  mythic  monsters  were  not  all  mere  li 
eions,  mystic  emblems,  or  hieroglyphical  pictores,  but  actual  brazen  be- 
ings, of  the  forms  and  with  many  of  the  functions  described — ^in  other 
words,  Eolipilic  idols,  personified  as  all  idols  were.  The  reader  need 
not  be  reminded  of  the  relation  of  the  Cyclops  to  fire,  since  they  were  aids 
tt>  Vulcan,  and  were  destroyed  by  Apollo  for  manu&cturing  or  ejecting, 
like  Pusterich,  thunderbolts.  They  sre  sometimes  described  as  having 
hui  one  eye,  at  other  times  represented  with  three — two  in  the  ordinary 
places,  and  a  third  in  the  forehead,  as  in  the  preceding  figure.  [See  plate 
page  141,  vol.  1,  Fosbaoke's  Encyc.  Antiq.]  This  idol  is  supposed  to  have 
belonged  origrinally  to  a  high  antiquity,  and  may  possibly  be  a  genuine 
Cyclop. 

Two  or  three  more  metallic  deities,  which  appear  to  be  Eolipilic,  might 
here  be  introduced ;  but  as  the  fact  is  uncertain,  and  nothing  but  con- 
jectures could  accompany  them,  we  forbear.  Had  more  data  been  ac- 
cessible the  subject  would  needs  be  a  thrilling  one.  No  work  a£  imagi- 
nation could  be  richer  in  interest  or  more  fertile  in  intrigue  and  plots 
than  accounts  of  idolatrous  androids  of  the  more  advanced  nations  of  old, 
of  the  puppet-machinery  in  each  famous  temple,  and  the  by-play  by 
which  the  reverend  showmen  set  them  off  to  advantage,  lulled  suspicion 
and  kept  their  audiences  in  the  right  humor.  We  may  descant  as  we 
please  on  epic  poets,  on  tragic  and  comic  authors  and  actors,  bat  what 
were  the  best  of  them  compared  to  those  proto-fkthers  of  fiction  and  his- 
trionic professions!  Men  whose  theatres  were  temples,  whose  stages 
were  altars  :  master  players  on  the  passions,  who  excited  what  emotions 
they  pleased,  and  impressed  on  their  congrregations  an  abiding  sense  of 
die  realities  of  the  illusions  they  exhibited.  The  subject  reaches  down  to 
the  nonage  of  society  and  comes  up  with  it  to  our  own  days;  has  relation 
to  the  most  stupendous  system  of  deception  ever  conceived,  and  the  most 
successful  one  ever  practised  by  man  upon  man;  affords  the  roost  de- 
plorable and  durable  examples  of  human  credulity  and  cunning;  in- 
volves the  early  history  of  all  races  and  of  nearly  all  arts.  Its  exposition 
of  principles  of  ancient  science  would  be  highly  instructive,  and  their 
villanous  applications  often  amusing.  The  mystery  that  envelopes  it 
irresistibly  whets  curiosity.  The  little  that  is  known  makes  us  anxious  to 
push  aside  the  skreen  that  hides  from  our  view  the  ingenious  and  elabo- 
rate mechanism  by  which  pagan  monks  emasculated  the  species  and 
kept  an  awe-stricken  world  at  their  feet. 

The  following  figures  illustrate  the  fighting  qualities  of  the  Eolipile. 
As  a  war- instrument  it  became  better  known  than  as  an  oracle  confined 
in  temples.  In  the  field  it  was  exposed  to  the  scrutiny  of  the  curious  as 
well  as  of  its  immediate  managers,  so  that,  whether  captured  or  not,  the 
secret  of  its  construction  could  not  long  remain  one,  or  the  device  be 
confined,  if  much  employed,  to  one  people.  Nor  did  it  cast  off  its  pre- 
tensions to  divinity  with  this  change  of  occupation,  but  rather  sustained 
them,  for  it  was  as  a  god  that  it  first  became  terrible  in  battle-— as  such 
its  military  achievements  shook  neighboring  nations  vrith  alarm  and  ac- 
quired for  it  a  celebrity  that  has  reached  to  our  times.  The  nature  of  its 
performances  remained  the  same  as  at  the  altar,  except  that  it  now  did 
not  hesitate  to  destroy  those  whom  it  could  not  convince. 

Every  people,  no  matter  how  barbarous,  esteemed  their  own  gods  su- 
perior to  others.  It  was  indispensable  to  the  interests  of  priests  to  keep 
this  conviction  alive  under  all  exigencies ;  hence  while  victories  served 
TO  establish  it,  defeats  did  not  overthrow  it.    These,  it  was  artfully  sng 
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gested,  were  only  proofs  of  a  deity  having  become  temporal;'  offeT.ded^ 
either  for  not  being  properly  invoked  or  on  account  of  indignities  offered 
to  his  ministers.  It  was  only  to  make  his  proteges  sensible  of  his  dis- 
pleasure that  on  such  occasions  he  left  them  a  prey  to  their  foes  !  Pagan 
history  is  full  of  examples,  they  abound  in  the  Iliad,  which  opens  with 
one.  Thus  the  chai'acter  of  an  oracle  or  idol,  and  the  influence  of  its  offi- 
cials were  ingeniously  preserved  whether  those  who  trusted  in  it  became 
conquerors  or  conquered,  victors  or  victims.  Such  was  the  practice  un 
der  ordinary  circumstances,  the  god  remaining  the  while  undisturbed  in 
bis  fane ;  but  when  extraordinary  calamities  ^reatened,  when  an  invad- 
ing army  approached  and  his  worshippers  were  menaced  with  captivity 
or  famine,  corresponding  efforts  were  made  to  appease  and  even  to  com- 
pel him  to  be  propitious.  Bribes  were  held  out,  votive  gifts,  hecatombs 
and  new  temples  promised — processions  in  his  honor  were  got  up,  with 
sacred  banners,  relics,  &c.  borne  aloflt,  (an  European  practice  through 
the  middle  ages,  and  an  Asiatic  one  yet.)  Then  to  make  sure  of  success 
by  connecting  his  fate  with  that  of  his  followers,  the  latter  took  him  down 
fiom  his  shrine  and  carried  him  to  the  battle-ground,  under  a  belief  that 
he  would  not  suffer  himself  to  be  taken  if  he  were  disposed  to  leave 
tnem  in  the  lurch.  On  the  same  principle  idolaters  of  every  age  have 
acted.  The  early  Jews  were  not  free  from  the  strange  infatuation^  nor 
IS  it  easy  to  see  how  they  could  have  been  better  informed  previous  to 
or  at  the  period  of  the  Exodus.  They  were  as  much  attached  to  idols  as 
the  Egyptians,  and  took  the  first  opportunity  that  the  absence  of  Moses 
presented  for  making  an  image  of  Apis.  After  the  severe  defeat  at 
Aphek,  some  of  the  ignorant  got  up  a  cry  to  bring  the  ark  to  the  camp  and 
renew  the  contest  under  its  auspices.  "  When  it  cometh  among  us  it  may 
save  us  out  of  the  hands  of  our  enemies."  To  this  the  better  informed 
probably  acceded  with  the  hope  that  Jehovah  would  protect  it,  and  the 
people  for  its  s^ke,  but  they  were  mistaken — they  were  routed,  thirty 
thousand  were  slain,  *'  the  ark  of  God  was  taken,*'  and  exhibited  in  the 
principal  cities  of  the  captors  for  a  period  of  seven  months,  during  which 
Phenician  priests  and  artists  were  probably  not  very  scrupulous  in  ex- 
amining its  contents,  its  designs  and  decorations,  the  cherubim  of  ham- 
mered gold,  their  forms,  features,  wings,  &c. 

In  this  same  manner  warring  Eolipiles  became  known  to  othei^  than 
their  designers :  as  gods  and  demi-gods  they  made  their  debut  in  battle. 
As  such  they  were  victorious,  and  as  such  were  eventually  captured. 
Exaggerated  accounts  of  some  of  the  earliest  are  preserved  in  mythologi- 
cal annals.  So  awful  were  their  attributes  and  so  terrific  their  appearance, 
that  their  very  looks  overcame  their  opponents.  Of  this  Briareus  was 
an  example ;  but  when  their  artificial  nature  became  known  they  put  on 
less  formidable  shapes,  their  efHcacy  then  depending  more  on  what  they 
did  than  how  they  looked.  In  comparatively  modem  epochs  they 
never,  however,  attained  much  beauty,  if  we  might  judge  of  the  one 
on  the  following  page. 

The  age  to  which  the  specimen  figured  in  the  next  cut  belonged  is 
unknown.  It  and  No.  289  are  from  a  Latin  folio  published  in  Paris  in 
153.5,  containing  Vegetius  on  Military  Machinery  and  Institutions,  Elian 
on  Tactics*,  Frontinus  on  Strategems,  and  the  Book  of  Modestus  on 
Military  Affairs : — collated  from  Anci^n^  codices  by  Budeus,  the  celebrated 
French  critic.  Attached  to,  and  paged  with  Vegetius,  are  one  hundred 
and  twenty  folio  illustrations,  rudely  executed  on  wood.  They  are  co 
pies  of  those  of  the  old  Grerman  translation  to  which  we  have  fluently 
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,  with  the  exceptian  of  &  coaple  of  reduced  Ikc-NinilM  wldefc 
«ra  now  before  the  reader,  (aj 


A*  aot  a  wonl  of  explanation  accompanies  this  singular  figure,  fow 
any  other  in  the  book,)  and  little  or  nothing  is  to  be  fiiund  in  Vegetias 
or  other  Roman  authors  to  aid  us,  all  thai  we  can  offer  roust  be  received 
as  conjecture.  If  the  magnitude  of  the  machine  be  judged  from  other 
illustrations  in  the  collection,  it  was  colossal.  No  object  is  portrayod 
near  it  by  which  to  infer  itN  relntiTe  dimensioiu.  The  general  outline 
lepresents  the  human  bu^t,  ami  the  whole  seems  to  have  been  an  enor- 
mous Pusterich  on  wheels.  It  probably  combined  the  god  with  tho  war- 
rior, assuming  the  character  of  each  as  occasion  required.  It  ia  no  bad 
representative  of  both;  and  the  powers  tt  posse  ate  d  nf  punishing' its 
enemies  are  as  obvious  as  they  were  awful.  The  ignited  Jet  issued  from 
the  conical  tube  whote  wide  end  ia  riveted  to  the  forehead — (a  small 
pipe  descending  from  it  to  the  bottom  of  the  bust,  as  in  the  air-vessels 
of  fire-engines.)  and  possibly,  also,  out  of  its  eye«  and  mouth.  The  pro- 
loni^ntion  of  the  nose,  and  the  dnggera  projectintr  from  the  mouth,  wen 
intended  to  ward  off'  blows  during  assaults,  and  to  prevent  access  to 
it,  lest  the  orifice  or  orifices  should  ite  spiked  or  otberwiBo  closed.  Poin^ 
ed   projections  of  this  kind   are  quite  common   adjuncts  in  old  war  en- 

Aa  this  Eolipile  is  figured  at  rest  and  not  in  use.  neither  fire,  fire-place, 
nor  the  mode  of  charging  it  is  delinoated.  The  fuel  was  probably  applied 
in  the  lower  part  of  the  bust  behind,  though  it  may  have  been  kindled 

(fl>  "  Fl.  VeR«ii  Rrnali  viri  illu'iri*  de  rp  militaTi  libri  quaiaor.  Seiriivlii  Fri»- 
tini  viri  coninlaris  de  virBtrgematis  libri  ioii<1ein,  £liaDi  de  iDstnteodis  scidm 
liber  anu»,  Modraii  de  vncabulis  rel  miliinhi  liber  nnns.  Item  picture  beltlnB 
eix  panim  Ve^io  adjecis.  Collnn  suai  omnia  ad  aniiqaoi  codices,  mazliM 
Banmi,  quod  toalatiid  r  fllanas.    Parisiit,  mvzxxt." 
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externallj,  the  haad  being  for  that  purpose  inclined  backwards  and  reat 
ing  on  the  comigerouB  and  auricular  proloagatioua,  which  would,  like 
the  feet  of  a  oaldron,  form  a  tripod  to  support  it.  But  much  allowance 
must  be  made  for  old  illustratioas.  Scarcely  ever  is  an  attempt  made  to 
delineate  interior  parts  or  external  details.  One  object  of  the  horn  and 
ears  was  obviously  to  vary  tbe  direction  of  the  jet,  to  incline  the  tube  O 
tbe  right  or  left,  up  or  diiwn,  somewhat  in  the  manner  of  the  syringe 
engine  of  Besson.  The  wheels  are  solid,  and  as  there  are  but  two,  some 
mechanism  for  preserving  the  image  in  an  upright  position  was  neces- 
sary :  as  they  moved  on  separate  axles  the  tube  could  as  readily  be 
turned  in  a  lateral  direction  as  it  could  be  elevateil  or  depressed.  The 
manner  of  conveying  this  machine  to  considerable  dintances  is  not  indi- 
cated,  probably  because  it  was  rather  intended  as  a  stationary  means  of 
defence,  than,  like  the  next,  a  moveable  one  for  attack. 


No.  SfB.  EoUpDIc  Wu-DngoL 

Here  is  a  variety  of  the  griffin,  hippogriff,  or  dragon  genus,  placed  ua 
four  wbeelH.  and  evidently  designed  to  break  the  ranks  of  an  opposing 
army,  by  being  driven  through  them.  The  burning  HquidH  rushed  out  ot 
two  rows  of  email  holes  on  the  upper  jaw  or  lip  :  the  effect  forcibly  re- 
minding one  of  mythic  monsters  from  whose  nostrils  went  forfh  smoke, 
and  from  whose  mouths  issued  flame.  No  provision  is  sliuwn  for  raising 
or  lowering  the  jets,  nor  was  any  necessary,  for  from  the  elevation  and 
position  of  the  orifices,  troops  among  whom  this  engine  forced  its  way 
could  not  avoid  either  right  or  left  its  fluid  and  scorching  misaive.  The 
rod  held  by  the  captain  or  leader  is  enlarged  and  pierced  or  cloven  at 
its  upper  end,  where  it  is  joined  to  the  head  :  it  ia  apparently  a  lever  by 
which  the  plug  of  a  cock  was  turned  to  open  and  shut  off  the  diachai'ge. 
We  may  suppose  the  passage  was  closed  in  the  present  position  of  the 
lever,  and  that  to  open  it  the  manager  pulled  back  the  end  he  grasps, 
until,  like  a  modem  artillerist,  he  became  sufficiently  in  the  rear  to  be 
out  of  harm's  way  when  the  jets  found  vent ;  he  then  could  join  his  asso- 
(.iaiea  in  directing  the  monster's  movements.  The  wheels,  as  in  the  last 
figure,  are  represented  solid,  a  feature  undoubtedly  genuine ;  for  it  was 
the  tmiform  practice  to  attempt  to  stop  the  progress  of  such  war-chariote 
Bfi  had  wheels  with  spokes,  by  throwing  spears,  &c.  between  the  latter 
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md  hence  such  wheels  were  sometimes  covered  with  hoards  or  plates  of 
iron  previous  to  entering  into  hattle. 

The  sword  or  dagger-like  tongue  kept  an  enemy  from  approaching 
too  near  in  front,  while  the  flames  protected  both  sides.  It  would  not 
nave  answered  the  purposes  of  this  war-engine  to  have  made  its  sidec 
hoiTent  with  bayonets,  for  they  would  have  reurded  its  progress  by  con- 
tact with  eveiy  obstacle  within  their  reach.  Its  efficiency  depended  chief- 
ly on  the  velocity  and  precision  of  its  movements,  it  would  therefoie  be 
divested  of  every  thing  calculated  to  interfere  with  these.  The  inclina- 
tion of  the  tongue  was  designed  to  remove  obstacles  from  the  path. 
Had  the  spike  been  horizontal  it  would  have  transfixed  objects  it  met 
with,  and  the  progress  of  the  machine  would  soon  have  been  stopi>ed. 
This  machine  is  apparently  represented  as  in  times  of  peace,  for,  unlike 
most  others  in  the  collection,  no  signs  of  war  are  delineated  in  the  land- 
scape. The  fire  was  perhaps  applied  externally,  as  in  the  case  of  Pus- 
terich,  the  brazen  monster  oelonging  to  the  Tyrant  of  Agrigentum,  and 
other  ancient  devices  of  the  kind ;  but  this  part  of  the  subject  is  very 
obscure.  Like  chariots  with  swords  and  scythes  fixed  to  them,  and 
others  with  similar  weapons  revolving  in  their  fronts,  this  machine  when 
in  active  service  was  most  likely  ur^ed  forward  by  horses  yoked  behind ; 
oi  by  a  n  jmber  of  men  applying  their  force  to  bars  attached  to  and  ra- 
diating from  the  rear — both  ancient  and  very  common  war  devices. 

An  enoimous  Eolipile,  formed  after  the  above  pattern,  charged  with 
inflammabld  liquids,  and  driven  furiously  and  unexpectedly  upon  a  su- 

fierstitioiis  f<»e,  must  not  only  have  borne  all  before  it,  like  a  modem 
ocoraotive,  but  must  have  rendered  opposition  hopeless  until  its  contents 
were  expended. 

The  dimensions  of  this  war  dragon  cannot  safely  be  inferred  from 
those  of  the  men  attached  to  it,  for  in  most  of  the  plates  in  the  wcirk 
whence  it  is  taken,  no  kind  of  proportion  is  preserved.  Soldiers  raising 
ladders  to  scale  the  walls  of  high  towers  are  oiien  drawn  sufliciently  tall 
to  reach  the  roof  with  their  hai;^ds. 

As  the  name  of  a  war  machine,  the  term  dragon  was  continued  to 
modern  times.  It  was  early  given  to  pieces  of  ordnance,  to  devices  re- 
semhling  in  their  attributes  ancient  Eolipilic  monsters.  Culverines  were 
originally  calle<l  fiery-dragons.  The  Draconarii  of  the  Romans  bore 
dragons  on  their  standaids;  the  Parthians,  Indians,  Persians,  Scythians, 
Assyrians,  Normans,  Saxons,  Webb,  and  all  the  Celtic  and  Gothic  na- 
tions painted  the  same  thing  upon  their  banners  and  pennons,  as  the 
Chinese,  Russians,  Tartars,  &c.  do  now.  Modem  dragoons  have  pro- 
bably also  derived  their  designation  from  soldiers  who  formerly  managed 
Eolipilic  dragons,  as  in  the  preceding  figure  ;  the  name  being  presei-ved 
in  war's  vocabulary  after  the  office  and  instrument  were  forgotten.  Or- 
ders of  chivalry  were  named  afler  the  dragon,  and  heraldry  abounds 
with  its  figures. 

Let  us  now  turn  to  the  history  of  the  Goths,  by  Olaus  Magnus.  (Basil 
ed.  1567.)  The  fourth  chapter  of  the  ninth  book  is  headed,  "  De  iBrds 
equit  ignivomis  " — "  Of  brazen  horses  that  vomit  fire."  The  materials  of 
the  chapter  are  condensed  from  the  History  of  the  Danes,  by  Saxo 
Grammatictu,  a  writer  who  flourished  A.  D.  1140.  The  jirincipal  inci- 
dent relates  to  the  stratagetic  skill  of  an  old  king,  Regnenu,  who  was 
eventually  put  to  death  by  his  sons,  Daxon  and  Dian.  On  one  occasion 
the  two  rebellious  brothers  invaded  their  fathei  's  kingdom,  having  been 
fumishod  for  the  purpose  with  a  largv  army  by  king  Ruthenus,  whoae 


Brazen  Hortu  UtM  vomited  Fire.  583 

dauglitaTB  they  had  maniad.  Alarmed  at  the  might;  forces  brot^^ 
ag&inat  him,  Regnerua  ordered  a  number  of  brazen,  fire-breatbing  bursea 
to  be  secured  on  chariou,  and  whirled  Budtlenly  into  the  denseHt  body 
of  hia  euemies.  The  maaiBiivre  succeeded,  and  his  unnatural  sons  were 
put  to  flight.  It  appears  that  the  chariots  and  their  burdens  were  ex 
ceedingly  massive,  aince  they  overwhelmed  whaterer  opposed  them 
We  add  the  passage  at  large  from  Saxo.  It  will  be  perceived  that  h* 
is  silent  respecting  the  fire-vomiting  faculty  of  the  metallic  chargers, 
though  that  was  clearly  implied  in  the  opinion  of  the  Gothic  historiau ; 
an  opitiioD  that  can  hardly  be  questioned. 

PobE  hsc  Regnerus,  expeditionem  in  Hellesponticos  parans,  vocata- 
qua  Danorum  concione,  salubemmas  se  populo  leges  laturum  promit- 
tena,  ut  unusquisque  paterfamilias,  secut  ante,  quern  miaimi  inter 
liberos  duxerat,  militaturum  exhiberet,  ita  tunc  valentioris  opene  filium 
aut  probiLtioris  fidei  servum  armaret,  edixiL  Quo  facto  omnibus,  quoa 
ex  Tbora  procreverat,  filiis,  prseter  ubbonen,  aesuroptie,  Hellespontum 
ejusque  regem  Dian  variis  contusum  bellis  lacessenao  perdomuil.  Ad 
uliimum  euiidem  creberrimis  discriminibus  implicatum  extioxit.  Cuius 
filii  Dian  et  Daxon,  olim  Ruteni  regis  filias  maritaii  sorte  complex),  mi> 
petratis  a  socero  copiis,  ardentissimo  apiritu  patemee  vindictte  negotium 
rapuerunt.  Quorum  Regnerus  immensum  animadvertens  exercitum, 
diffideotia  copiarum  habita,  f.quot  teneot  ductilibus  rotalis  superpositos  as 
versatilibus  curriculis  circumductos  in  confertissimos  hoetes  maxima  vi 
exa^tari  praecepit.  Quae  res  tantum  ad  laxaudam  adversariorum  aciem 
valuit,.  ut  vincendi  apes  magis  in  machinamento  quam  milite  reposits 
videretur,  cujus  intolerabilis  moles,  quicquid  impulit  obruit.  Altero 
ergo  ducum  interfecto  altero  fuga  suhlapso,  uijiversus  Hellieponticorum 
cesBit  exercitua.  Scithae  qunque,  Daxon  ai-ctissimo  materni  sanguinia 
vinculo  contingentes,  eodem  obstrici  diecrimine  refurutilur.  Quorvna 
provincia  Witserco  attributa,  Ruteourum  reg.  parum  viribua  fidens,  fio^ 
midolosa  Regneri  arma  fuga  pruicurrere  maturavit. 

(Bus  OmmiHlci  Hiaorji  D«!l    Edited  bjr  p.  L.  MiSBr.    Copgahigan.  IfOa    Ltbn  li.  p.  491.1 

Id  a  note  on  the  Gquos  .^Ineos,  the  editor,  not  knowing  that  bu»H 
things  had  over  been,  observes,  "  commentum  neecio  unde  petinun." 


No.  990.  E<Upak  Wir-En(iiK». 

The  cut  No.  390  is  copied  from  the  rude  illustrations  of  the  fourth  and 
Bftb  chapters.  Book  ix,  of  Olaus  Magnus.    A  figure  d  one  of  the  bnx»o 
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horaei  IB  in  the  foreground,  but  as  usual  it  is  a  mere  outline,  and  was 
perhaps  designed  by  the  illustrator  of  the  G^hic  historian's  work  from 
the  meag^  description  its  pages  or  those  of  Saxo  afford*  Nothing  defi- 
nite can  be  derived  from  it  which  the  text  does  not  famislh  Neither  the 
carriage  nor  its  load  comes  up  to  the  description  :  the  words  imply  that 
the  images  had  some  elastic  and  revolving  mechanism  of  their  own,  ai^d 
▼ersatile  chariots  meant  something  more  than  common  caits. 

The  fifth  chapter  (Book  ix)  is  on  the  same  subject,  and  to  this  effect. 
*  Vincentius  in  Spec.  Histo.  L.  xxxi.  Cap.  10,  asserts  that  the  king  of  the 
Indians,  commonly  called  Prester  John,  being  attacked  by  a  powerful 
army  of  Ethiopian  'Saracens,  enemies  of  the  christian  faith,  delivered 
htinself  by  a  stratagem  not  unlike  that  of  Regnerus,  for  he  made  copper 
tmagei  of  men  and  mounted  each  upon  a  horse.  Behind  every  image  was 
a  man  to  govern  it,  and  to  blow  with  a  bellows,  through  holes  made  for 
the  purpose,  on  fumid  materials  inserted  beforehand  into  the  body  of  the 
image.  Provided  with  a  large  number  of  these  he  proceeded  vigorously 
against  his  enemies,  whom  Vincentius  calls  Mongols  or  Tartars.  The 
mounted  images  being  ranged  side  by  side  in  front  of  the  hostile  army, 
their  managers  were  directed  to  advance,  and  when  arrived  within  a 
abort  distance  of  the  foe  to  commence  blowiug  with  their  beDows  the 
smoking  fire  within,  and  with  a  continual  blast  to  fill  the  air  with  dark- 
ness— the  consequences  of  which  were  that  many  of  the  invaders  were 
•lain  and  others  took  to  sudden  flight.  Large  numbers  of  horsemen  and 
horses  were  burnt  to  death  and  some  reduced  to  ashes  by  Greek-Jirt^ 
composed  of  the  following  ingredients,  by  the  artificers  of  Prester  John: 

AfipsUuni,  nepta.  ilragantom,  pix  qnoqiie  Oreca^ 
Sulphar,  vernicis,  de  pelrolio  qaoque  viut», 
Mercarii^  tal  gemmc  Grsci  dicltur  ignis. 

Itbm  :  Salphur,  petmliam,  colopho,  resi,  terebinlhi, 

Aspaltum,  cainphora.  nepta,  armo,  benedietom.' 

Magnus  could  make  nothing  out  of  these  old  poetic  recipes.  He  thoufffat 
k  would  be  a  vain  task  to  attempt  their  explanation,  and  wicked  to  revive 
the  invention.  He  seems  to  have  been  of  an  opinion — once  heartily  enter- 
tained— that  the  souls  of  the  authors  of  Greek-fire  and  gunpowder  were 
reaping  their  appropriate  rewards  in  perdition,  doomed  for  ever  to  taste 
of  torments  which  their  "devilish  devices"  inflicted  on  others.  Vincen- 
tius, or  Vincent  De  Beauvaia,  was  a  learned  monk  of  the  13th  century, 
and  one  of  the  most  voluminous  writers  whose  works  furnished  employ- 
ment to  the  first  race  of  printers.  He  died  about  1260.  His  "Speculum 
Historiale"  was  printed  in  1473.  The  most  striking  incident  drawn  from 
it  by  the  Gothic  writer  we  quoted  at  page  400,  from  Carpini,  a  contem- 
porary monk,  who  began  his  travels  in  1245,  ttnd  to  whom  he  of  Beauvais 
was  most  likely  indebted  for  it. 

If  the  reader  will  now  look  again  at  the  last  cut  he  will  find  on  the 
back  ground  a  miniature  of  one  of  the  brazen  horsemen  in  the  act  of 
attacking  the  Mongols,  and  with  a  living  soldier  on  the  crupper  per- 
forming his  part  of  the  business  with  bellows.  There  is  certainly  an  air 
of  romance  abeut  these  figures ;  but  accounts  of  them  reaching  us  through 
ages  and  hot 'oeds  of  legends,  might  be  expected  to  be  loaded  with 
apocryphal  matters.  Of  the  main  feature,  that  of  ejecting  flame  and 
amoke,  there  is  no  room  to  question,  since  it  is  corroborated  by  old 
writers  on  Greek -fire,  by  the  brazen  horses  of  Saxo,  and  the  pieceding 
figures  in  this  supplement.    But  Carpini's  relation  does  not  savor  to 
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much  of  poetry  as  may  be  supposed.  The  pnncipal  difficulty  is  in 
mounting  the  images  on  jiatural  horses;  but  this  is  not  a  necessary  in- 
ference. They  may  have  been  artificial  as  well  as  their  automaton 
riders— and  we  believe  were  so — were  secured,  like  those  mentioned 
by  Saxo,  on  carriages,  and  behind  them  the  bellows-blowers  were  loca- 
ted. If  this  is  not  what  Carpini  meant,  we  should  say  he  misunderstood 
his  informant.  Living  horses,  with  flames  roaring  and  rushing  fi-om  ori- 
fices close  to  their  eyes  and  ears,  would  be  as  likely  to  be  affrighted  as 
those  they  attacked  :  however  drilled,  they  could  not  in  such  circumstan- 
ces be  managed  without  difficulty  and  without  requiring  the  whole  at- 
tention of  their  riders,  but  the  latter  were  entirely  engaged  in  urging  the 
fires  at  the  most  critical  periods  of  the  charge,  leaving  the  animals  to 
pursue  the  right  course  of  themselves.  We  presume  the  metalline  ima- 
ges were  a  species  of  Hippocentaurs,  the  flames  issuing  from  the  hu- 
man bust,  and  the  fluid  and  other  materials  contained  in  the  spacious 
abdomen  below. 

It  is  said  these  equestrian  images  cast  forth  Greek-fire;  were  they 
then  Eolipiles?  mounted  Pusterichs  ?  i.  e.  were  they  charged  with  li- 
quids, or  with  dry  substances,  which  once  ignited  continued  of  them- 
selves to  burn  until  the  whole  became  expended  1  From  the  want  of 
specific  information  it  is  difficult  to  arrive  at  a  definite  conclusion  on  this 
point.  The  evidence,  however,  preponderates  in  favor  of  their  Eolipi- 
lic  character.  Had  the  contents  been  a  composition  similar  to  any  thing 
used  in  modem  pyrotechnics,  what  need  of  fire  to  heat  them  and  of  bel- 
lows to  urge  the  fire?  How  did  the  flaming  stream  continue  to  it«8ue 
from  its  orifice  with  unabated  force  as  the  material  diminished  within, 
a-4  it  sank  far  below  the  place  of  exit  ?  Would  not  the  image  be  liable 
to  explode  ere  its  contents  were  half  emptied  1  If  not,  why  have  me- 
tallic images?  Those  of  fragile  materials  would  have  done.  Again,  the 
reaction  of  the  jet,  like  that  of  a  rocket,  would  require  no  small  force  to 
be  overcome :  it  would  be  very  apt  to  shoot  the  brazen  wanHors  back 
among  their  friends,  instead  of  their  carrying  destruction  among  their 
foes.  But  not  one  of  these  objections,  and  others  which  might  he  named, 
apply  to  Eolipiles — to  a  liquid  discharged  by  the  elasticity  of  its  own 
vapor,  or  the  vapor  itself  thus  shot  forth.  With  these  instruments  thu 
employment  of  fuel  was  necesary  and  the  application  of  a  blast  in  time  of 
action  important  if  not  indispensable.  But,  what  is  more  to  the  pointy 
Greek-fire  was  a  liquid.  See  p.  307,  8.  Meyrick,  in  his  account  of  ancient 
armor,  gives  its  composition  from  an  author  of  the  time  of  Edward  III. 
Several  ingredients  enumerated  are  mentioned  in  the  preceding  re 
cipes  from  Vincentius : — An  equal  quantity  of  pulverized  rosin,  sul 
phur  and  pitch  ;  one  fourth  of  opopanax  and  of  pigeons'  dung  well  dried, 
were  dissolved  in  turpentine  water,  or  oil  of  sulphur :  then  put  into  a 
close  and  strong  glass  vessel  and  heated  for  fifleen  days  in  an  oven,  af);er 
which  the  whole  was  distilled  in  the  manner  of  spirit  of  wine,  and  kept 
for  use^  Another  account  makes  it  to  consist  chiefly  of  turpentine 
water  (spirits  of  turpentine)  slowly  distilled  with  turpentine  gum.  It 
was  said  to  ignite  by  coming  in  contact  with  water. 

Two  distinct  modes  of  dispersing  the  horrible  fluid  are  mentioned ; 
one  by  forcing-pumps,  the  other  by  •*  blowing"  it  through  tubes  and 
from  the  mouths,  &c.  of  metallic  monsters.  The  former  is  noticed  in 
connection  with  naval  warfare,  and  the  latter,  if  we  mistake  not,  was 
chiefly  employed  in  conflicts  on  land.  Any  one  can  see  how  difficult  it 
would  be  for  soldiers  promptly  to  apply  pumps  in  the  confusion  of  bat 
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tie.  Appaiatus  equal  to  our  fire-engioes  would  have  been  of  little  e&c^ 
for  the  letB  could  but  feebly  be  suatained,  and  worse  directed  while  the 
reservoirs,  engines  and  men  were  in  motion,  whirling  hither  and  thither, 
now  advancing  and  anon  retreating.  We  read  also  of  portable  **  siphones^ 
being  also  used,  but  these  and  the  necessary  vessels  to  hold  the.  liquid 
were  still  less  likely  to  be  effective  except  on  ships  in  close  combat; 
wheie  to  keep  up  conflagrations,  the  fluid  could  be  ejected,  cold  and  un« 
ignited,  on  parts  already  kindled — as  if  our  engines  were  to  be  employed 
to  lanch  oil  or  turpentine  on  objects  already  in  flames.  On  ship- board, 
the  reservoirs  were  always  at  hand,  and  both  men  and  the  fixea  pumps 
they  worked  relatively  at  rest,  and  moreover  protected  either  between 
decks  or  in  equally  secure  locaticms,  so  that  one  or  two  individuals  alone 
sufficed  to  direct  the  fiery  streams  over  a  galley's  bow  or  sides,  and 
through  flexible  or  jointed  ajutages. 

The  expression  *'  blown  through  tubes,"  &c.  could,  of  course,  have  no 
reference  to  any  thing  like  the  sarbacan,  nor  to  any  employment  of  hu- 
man lungs.  No  adequate  and  no  continuous  force  could  have  been  ob- 
tained except  by  artificial  means,  and  of  those  by  none  so  readily  a^  by 
the  Eolipile.  That  this  instrument  was  intended,  the  figures  in  the  cut 
strongly  indicate.  If  the  vajfor  of  the  fiery  liquid  was  ejected,  we  know 
that  nothing  else  could  have  answered.  But  both  the  idea  and  expression 
are  used  at  this  day  with  respect  to  modern  Eolipiles :  engineers  "  blow 
ofT'  steam  by  opening  a  safety  valve  or  other  aperture  of  a  boiler ;  and 
when  one  of  these  explodes,  on  shore  or  afloat,  how  often  is  it  said  of 
missing  individuals  and  objects,  they  were  "  blown  overboard  "—or 
"  blown  to  such  and  such  distances."  On  a  review  then  of  the  particu- 
lars that  have  reached  us  respecting  the  famous  Greek-fire,  it  seems  that 
the  machinery  for  ejecting  it  on  shipboard  was  a  species  of  pump ;  and 
on  land  by  large  boilers,  suspended  on  wheels  and  driven  by  horses  or 
men,  made  in  fantastic  forms  of  men  and  animals,  fiom  whose  moutlis 
the  flaming  torrents  were  ejected.  This,  ancient  writers  have  asserted, 
and  the  figures  we  have  given  confirm. 

That  Greek-fire  was  rather  the  revival  of  an  old  thing  than  the  dis- 
covery of  a  new  one,  and  that  both  the  fire  and  the  machines  for  dis- 
persing it — Eolipilic  devices  infinitely  more  grotesque  than  any  fis^red 
on  these  pages — were  known  in  extremely  remote  times,  is,  we  ffaink, 
lU'etty  clear.  Under  this  impression  some  further  remarks  are  submitted 
with  the  view  of  eliciting  attention  to  a  curious  and  interesting  subject 
of  archeological  researcin— one  which,  it  will  be  conceded,  appears  to 
reflect  light  on  old  legends  as  well  as  on  old  Eolipiles. 

The  history  of  idolatrous  and  other  Eolipilic  automata  is  lost  or  per- 
haps never  was  written,  and  now  the  opportunity,  the  materials  and  men 
for  preparing  it  are  gone;  the  requisite  knowledge  did  not  sufiicierily 
transpire  beyond  the  walls  of  temples,  and  even  there  was  confined  to  a 
privileged  few.  Such  a  record  could  only  have  been  furnished  by  those 
who  had  every  earthly  inducement  to  suppress  it — by  men  whose  j-rivaie 
labors  uore  devoted  to  disguise  the  elements  of  deceptive  devices  they 
employed,  and  whose  public  administrations  still  further  concealed  them. 
It  may  therefore  be  concluded  that  such  an  expose  was  never  made,  or, 
if  made,  religiously  reserved  for  the  perusal  of  heads  of  colleges  or  the 
eyes  of  arch-magicians  alone.  It  is  to  be  regretted  that  so  valuable  a 
fund  of  hidden  knowledge,  of  mechanical  and  chemical  combinations,  of 
lingular  discoveries  and  inventions ;  a  bibliotheca  for  philosophers  and 
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artisans,  illustrating,  probably,  every  branch  of  ancient  science  and  ex 
posing  the  secret  workings  of  some  of  the  shrewdest  spirits  of  antiquity — 
should  bo  lost.  It  would  have  enabled  us  to  repeat  staple  tricks  of  Baby- 
lonian sorcerers  and  sootlisayers,  and  would  have  placed  us  in  a  more 
favorable  position  for  observation  Yhan  was  Pharaoh  when  he  commanded 
''the  magicians  of  Egypt  and  the  wise  men  thereof"  to  exhibit  their 
■kill  in  his  presence. 

It  is  with  Eolipiles  as  with  other  materiel  of  old  jugglers.  The  few 
broken  specimens  and  straggling  notices  which  have  come  down  are  in- 
tei'esting  but  unsatisfactory;  they  tantalize  with  a  sip,  and  make  the 
mouth  water  for  more,  provoking  a  thii-st  which  they  cannot  allay.  That 
these  instruments  are  of  a  very  high  antiquity  is  undeniable,  and  that 
they  were  occasionally  used  to  eject  inflammable  fluids  for  deceptive 
and  destructive  purp^ises  is  equally  certain.  The  resemblance  in  the 
forms  and  functions  of  those  we  have  figured  to  mythological  flre-spout- 
ing  monsters,  is  too  striking  to  escape  observation.  And  is  there  any  ab- 
surdity in  supposing  both  wei'e  artificial ;  that  the  latter  wera  literally 
what  they  are  described  ;  and  that  stones  of  dragon-killing  heroes  are 
not  quite  so  romantic  as  they  appear  1  A  literal  iiiteipretation  of  such 
matters  may  appear  preposterous,  but  a  slight  view  of  the  subject  will 
convince  unprejudiced  minds  that  it  is  not  half  so  absurd  as  many  receiv- 
ed metaphorical  solutions,  nor  is  it,  like  them,  embarrassed  with  insur- 
mountable difficulties;  on  the  contrary,  it  renders  things  intelligible 
which  paleologists  have  not  ventured  to  explain,  and  which,  without  re- 
ference to  Eolipilic  automata,  we  presume  they  never  can  explain — 
things  so  bizarre  they  know  not  what  to  make  of  them.  But  once  admit 
they  vvere  what  they  pretend  to  be,  and  there  is  little  difficulty  in  receiv- 
ing them ;  interpret  them  by  some  other  rule,  and  we  are  at  once  cast 
adrift  on  the. ocean  of  conjecture. 

Admit  that  mythic  characters  obtained  celebrity  from  battling  with 
Eolipilic  opponents ;  that  some,  at  least,  of  the  dragons  and  many-headed 
monsters  of  antiquity  performed  actions  ascribed  to  them— belched  out 
smoke  and  flame,  shrieked  and  growled,  and  on  the  approach  of  strangers 
or  "curious  impertinents "  shook  themselves,  sprung  from  their  caves^ 
rthey  were  commonly  and  for  good  reasons  located  in  dark  places)  oflen 
destroyed  those  who  attacked  them,  and  sometimes  disappeared  in  sudden 
burats  of  thunder  and  amidst  showers  of  thunderbolts — very  much  as 
their  descendants,  the  steam-dragons  of  the  present  day,  unfortunately 
now  and  then  do.  Admit  this,  and  passages  in  history,  poetry  and  tradi- 
tion, hitherto  inexplicable,  become  recitals  of  facts ;  embarrassing  enig- 
mas are  unriddled,  and  the  supposed  oflspring  of  fancy  are  forpd  sober 
children  of  truth.  That  Greek  and  Roman  writers  did  not  perceive  this 
is  little  to  the  point,  since  they  do  not  appear  to  have  been  aco  lainted 
with  fighting  Eolipiles;  they  were  therefoi*e  nijcessarily  at  alos^  to  ex- 
plain, except  by  metaphor,  conflicts  between  these  machines  and  heroes 
of  ancient  days.  But  the  presiding  spirits  at  Eleusis  and  Delphos  could 
have  furnished  the  clew,  and,  had  it  suited  their  views,  could  have  illus- 
ti*ated  the  entire  series  of  fire-breathing  monsters,  by  reference  to  their 
own  collections ;  for,  as  before  remarked,  Eolipiles  went  from  the  altar  to 
the  field. 

In  those  remote  times,  when  superstition  reigned  paramoiivit,  when 
common  objects  and  events  were  construed  into  omens  and  urcommon 
ones  were  looked  on  as  prodigies,  the  defeat  of  an  army  by  fire-breaf  hing 
warriors  would  form  an  epoch  in  barbarian  annals ;  exaggerated  descrip- 
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tions  of  flaming  chariots,  of  giants,  dragons,  bippogiifEs  and  hybrids  of 
every  horrid  form,  and  possessing  supernatural  powers,  woulu  be  bla- 
zoned abroad  and  become  permanently  preserved  in  tradition.  It  could 
not  be  otherwise ;  and  that  such  was  really  the  case  is  evident,  for  my- 
thology and  remote  history  is  replete  with  these  very  things  ;  with  baules 
between  Gods,  Cyclops  and  Titans.  But  in  process  of  time  the  artificial 
nature  of  warnne  Eolipiles  wuuld  sooner  or  later  be  suspected  and  as- 
certained. Intrepid  individuals  took  courage  to  attack  and  had  the  go^d 
fortune  to  destroy  one.  Success  made  them  heroes,  if  not  soroethiA^ 
more.  To  swell  their  fame  the  form  and  faculties  of  their  strange  oppo- 
nents were  distorted,  and  the  story  repeated,  with  every  addition  th«(  a 
love  of  the  marvellous  could  invent  or  credulity  receive,  till,  as  ages 
rolled  away,  it  became  just  what  such  stories  yet  extant  are — stories  of 
monster-killing  gallants  from  Jason  to  Saint  George. 

WARS    OP    THE    GIANTS. 

hi  the  wars  of  the  giants,  fire,  thunder  and  thunderbolts  were  the 
chief  destructive  agents,  and  these,  we  are  told,  were  produced  by  and 
ejected  from  monsters,  apparently  precisely  in  the  manner  of  Pusterich. 
Some  had  more  heads  and  arms  than  have  Hindoo  deities,  with  bodies 
terminating,  like  that  of  Dns^on,  in  legs  resembling;  fish  or  serpents. 
When  brought  into  battle  their  terrible  aspects  and  the  volumes  of  flame 
they  poured  forth  filled  their  enemies,  the  gods^  with  consternation. 
Defeated,  these  fled  into  Egypt,  where  they  learned  the  nature  of  their 
ardent  foes.  Jupiter,  Hercules,  and  their  associate  refugees  having  thus 
ascertained  that  their  victors  were  .not  invincible,  recovered  courage, 
returned,  and  were  at  last  victorious.  Now  what,  when  stripped  of  orien- 
tal ornament,  does  this  amount  to,  but  a  conflict  similar  to  that  between 
Pi  ester  John  and  his  Mong(»lian  invaders;  between  Regnerus  and  his 
unnatural  sons,  and  others  in  which  fire-spouting  images,  figured  in  this 
supplement,  were  employed  ?  The  most  ingenious  conquering,  whether 
gods  or  mortals  were  combatants.  The  names  of  the  mythic  parties 
were  misnomers,  for  the  deities  were  ignorant  braggarts — they  coald  not 
withstand  their  *'  earth-bom  *'  enemies,  but  fled  for  refuge  and  instruction 
Into  other  lands.  The  accounts  remarkably  resemble  Chinese  bulletins 
of  fights  with  Europeans — contests  between, modem  "Celestials"  and 
'*  outside  barbarians."  For,  ancient  like,  existing  "  sons  of  heaven " 
seem  to  have  placed  at  first  as  much  dependence  upon  their  divine  pre- 
tensions and  their  comminations  as  in  their  weapons,  and  therefore  were 
de^eatt>d.  The  giants  were  probably  ingenious  or  scientific  men — the 
Roger  Bacons  of  their  day — in  advance  of  the  age  and  consequently  de- 
nounced, as  such  have  ever  been,  by  self-styled  heirs  of  heaven,  as  iuiiu&l 
dogs  or  children  of  Tartarus. 

The  circumstance  of  the  divinities  flying  to  Egypt  when  they  could  not 
cope  with  the  fire-breathing  monsters,  or  rather  with  the  cunning  mon- 
ster-makers, is  remarkable.  There  they,  like  less  pretenders,  improved 
themselves  in  knowledge.  That  it  wai?  an  early  Pharaonic  policy  to  en- 
courage the  discontented  of  neighboring  nations,  is  abundantly  pio'^zid 
in  the  Old  Testament.  '*  Wo  to  them  that  go  to  Egypt  for  help—  oiat 
strengthen  themselves  in  the  strength  of  Pharaoh  !"  [See  ha.  chaps.  30  aiii 
31 ;  Jerem,  42  and  43.]  How  deep  and  general  must  have  been  the  im- 
pression of  the  power  of  the  Pharaohs  to  call  forth  the  declaration — *'  Now 
Ae  Egyptians  are  men  and  not  God;  their  horses  flesh  and  cjt  spiri:.** 
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TYPHON. 

Here  is  a  descripcl^n  of  Typhon,  the  most  famous  of  fighting  giai  tfi— 
can  it  be  doubted  that  he  was  a  genuine  Pusterich  ]  "  He  had  name- 
roue  heads  lesembling  those  of  serpents  or  dragons.  Flames  of  devour- 
ing tire  rushed  hissiTig  from  his  mouth  and  eyes ;  he  uttered  horrid  yells 
like  the  dissoTsant  shrieks  of  different  animals.  He  was  no  sooner  bom 
than  he  warred  with  the  gods  and  put  them  to  flight."  Not  a  circum- 
stance is  here  mentioned  that  does  not  accord  with  his  alleged  artificial 
character,  and  there  are  few  others  which  do  not  harmonize  with  it. 
He  went  to  battle  as  soon  as  bom,  that  is,  as  soon  as  he  was  made.  The 
whole  family  was  said  to  be  **  earth-bom  *' — the  members  rising  out  of 
the  ground  completely  formed,  &c.;  indications  of  their  gross  not  ideal 
nature,  of  their  secret  construction  in  subterranean  workshops — the  lat- 
ter a  precaution  essential  to  the  recognition  of,  and  belief  in  their  super 
riatural  origin. 

She  sings,  from  earth's  dark  womb  how  Typhon  rone, 

Aod  struck  with  mortal  fear  his  heavenly  loes. — [Ovidf  Met,  v.] 

The  name,  Typhon,  is  derived  from  a  word  signifying,  "  to  smoke,** 
The  goddess  of  night  was  the  m4)ther  of  monsters ;  an  enigma  beau- 
tifully expressive  of  the  secret  fabrication  of  Kolipilic  imagery.  Typhon 
and  his  brethren  were  moreover  sons  of  Tartarus  as  well  as  of  Terra- 
were  brought  forth  of  earth  by  the  assistance  of  hell — a  trait  still  further 
significative,  and  particularly  of  the  element  by  which  they  were  anima- 
ted, that  from  which  their  terrors  were  derived.  Demons  they  were  in 
shape,  occupations  and  attributes ;  in  the  torments  they  inflicted  and 
the  victims  they  slew ;  tangible,  and  the  most  perfect  representations  of 
evil  principles  and  passions.  The  paternity  of  these  monsters  is  the 
same  as  that  given  to  modern  ordnance,  so  true  it  is  that  similar  things 
ever  produce  the  same  ideas.  A  thousand  times  have  guns  and  gun- 
powder been  described  as  infernal  inventions,  as  conceptions  injected 
by  demons  and  matured  by  their  influence. 

Does  the  idea  seem  too  gross  for  contending  gods  and  demi-gods  to 
fight  with  Eolipiles  ?  Let  it  be  remembered  that  Milton  could  find  no 
warring  engines  so  appropriate  for  Satan  and  his  hosts  as  artillery.  In 
fact,  poets  can  only  arm  mortal  or  immortal  warriors  with  weapons  and 
agents  that  are  knoicn,  although  they  may  exaggerate  them.  All  sym- 
bolic imagery  must  be  derived,  directly  or  remotely,  from  earthly  types. 
The  author  of  Paradise  Lost  necessarily  followed,  in  this  respect  also, 
the  old  mythologists  he  copied,  and  as  **  fiery  monsters,"  whether  guns 
or  Eolipiles,  are  not  in  their  nature  and  effects  much  unlike,  we  find 
little  difference  in  ancient  poetic  descriptions  of  one,  and  modem  poetic 
descriptions  of  the  other.  Indeed  they  might  often  be  interchanged  with- 
out detection.  The  monsters  described  by  Milton  as  mounted  upon 
wheels,  whose  mouths  with  hideous  orifices  gaped,  and  which,  with  im- 
petuous fury,  belched  from  their  deep  throats  chained -thunderbolts  and 
iron  hail,  are  therefore  no  stronger  proofs  of  guns  and  gunpowder  being 
known  during  the  English  Commonwealth,  than  are  fire-breathing  hy- 
briO?  of  mythology,  of  the  early  use  of  Eolipilic  engines. 
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If  we  turn  to  later  examples  we  shall  find  circumstances  leaking  out 
which  betray  the  artificial  character  of  mythic  monsters.  The  Argo. 
Dautic,  like  all  early  expeditions,  waa  of  a  piratical  nature.    Its  object 
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the  Colchian  treasury,  or  the  "  golden  fleece/'  a  term  in  ancient  Syrian 
implying  treasures  of  gold.  These  were  protected  by  a  drs^n,  and  hf 
tw(»  brazen-homed  and  hoofed  bulls,  which  flashed  from  their  mouths 
and  nostrils  flames  and  smoke.  As  usual*  they  were  located  at  the  en- 
trance of  a  cave. 

**  Thick  smoke  their  subUrraneffus  home  proclaims ; 
"  From  their  bro&d  nostrils  pour  the  rolling  flames." 

[ApottoniuM,  L.  iiL] 

The  daughter  of  iEetes  (the  Colchian  king)  becomes  enamored  of 
Jason.  The  lovers  swear  eternal  fidelity  to  each  other;  and  to  save  the 
adventurer's  life,  Medea  explains  to  him  the  secret  of  the  monster's 
powers.  Thus  informed,  and  furnished  with  an  ointment  to  protect  his 
fece  and  hands  from  the  singeing  blast  at  the  onset,  he  approached  with 
a  smiling  countenance,  as  well  he  might,  and  quickly,  to  the  chagrin  of 
the  monarch,  subdued  the  "  brazen  "  monsters.  If  any  doubt  remains  re- 
specting the  true  character  of  this  transaction,  it  is  greatly  if  not  wholly 
removed  by  the  subsequent  conduct  of  Medea.  She  every  where  evin- 
ces familiarity  with  the  principles  of  the  Eolipile — with  secret  applications 
of  fire,  steam,  sulphur,  inflammable  fluids  and  explosive  compositions. 
(See  page  120.)  By  the  adroit  use  of  these,  which  she  introduced  into 
Greece,  she  became  celebrated  as  the  most  expert  enchantress  of  an- 
tiquity. It  was  by  a  clever  but  diabolical  trick  in  Pyrotechnics  she  de- 
stroyed Creusa,  while,  further  to  be  revenged  on  her  unfaithful  husband, 
she  contrived  to  set  his  palace  in  flames  and  then  disappeared  in  a  cha- 
riot drawn  by  winged  dragons ! — probably  some  startling  pyrotechnic 
device  learned  from  the  magicians  at  her  father's  court,  ana  under  the 
cover  of  which  she  withdrew ;  unless  we  are  to  suppose  she  was  blown 
up  by  the  explosion  of  one  of  her  own  caldrons  or  compounds. 

There  is  no  improba}>ility  in  the  supposition  that  attempts  at  flying 
were  somewhat  frequent  in  remote  ages,  and  that  jugglers  and  artists* 
like  DaBdalus,  did  then,  as  in  subsequent  times,  get  up  exhibitions  of  the 
kind ;  but,  be  this  as  it  might,  it  may  be  taken  for  granted  that  so  expert  a 
pyrotechnist  as  Medea,  was  at  no  loss  in  sending  up  a  chariot  with  an 
artificial  representation  of  herself,  on  the  same  principle  as  such  things 
have  been  done  from  time  immemorial  in  India  and  among  the  Chinese. 
They  were  common  a  few  centuries  ago  in  Europe.  Like  most  old 
writers  on  fire-works,  John  Bate  giv<»s  directions  how  to  make  "  fire- 
drakes  "  and  "  flying-Klra?ons."  The  latter  were  to  be  constructed  of 
ribs  of  light  and  dry  wood,  or  with  whalebone  ''covered  with  muscovie 
glasse  and  painted."  They  were  to  be  filled  with  "  petrars," — fiery  ser- 
pents were  attached  to  their  wings,  which  were  arranged  to  shake  when 
the  monster  moved.  A  sparkling  composition  was  to  bum  at  the  mouths 
and  tails,  and  one  or  two  large  rockets  were  to  be  attach/^d,  '*  according 
to  the  bignesse  and  weight  of  each  dragon."  The  trick  of  Simon  Ma^us, 
in  presence  of  Claudian  or  Nero,  was  perhaps  allied  to  that  by  which 
the  Colchian  enchantress  astounded  her  adopted  countrymen.  Giving 
out  that  he  would  prove  his  divinity,  or  his  alliance  with  the  gods,  by 
flying,  he  appeared  at  the  appointed  time,  as  the  story  says,  on  the  top 
oi  a  high  tower,  whence  he  flung  himself,  (or  an  artificial  substitute,) 
and  floated  for  some  time  in  the  air,  supported  by  demons  or  dragons. 
The  latter  no  doubt  as  real  as-the  huge  scarabeus  which  Dr.  John  Dee, 
state-conjurer  to  Elizabeth,  made,  and  which  flew  off*  with  a  man  on  its 
back,  and  took  a  basket  of  provisions  for  the  journey. 

Oriental  literature  is  laden  with  aerial  exploits  of  this  nature— of  e» 
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chanters,  who  like  Medea,  or  Urganda  in  Amadis  de  Gaul,  transported 
men  through  the  air  on  artificial  serpents  and  dragons,  and  of  conflicts  be« 
tween  knights  and  monsters.  But  for  the  loss  of  those  volumes  on  "  cu- 
rious arts/'— -the  pile  of  magical  books  burnt  at  Ephesus — {Acts,  xix.  19.) 
many  an  ancient  and  modem  prodigy  might  have  been  explained.  We 
know  with  what  ardor  marvellous  tricks  and  stories  were  devised  and 
concocted  in  the  middle  ages,  and  with  what  avidity  gaping  multitudes 
received  them.  Even  at  this  very  day  similar  tricks  are  played  off  suc- 
cessfully by  monks  to  unsuspicious  congregations.  Is  it  any  wondei, 
then,  te  find  pa^n  boors  in  Roman  times,  and  others  in  the  darkest  of 
mythic  epochs,  dupes  to  expert  jugglers  ?  We  may  regret  the  infatuation 
of  remote  ages,  but  we  should  not  forget  how,  in  comparatively  late 
days,  traditions  arose  and  swelled  in  wonder  as  years  rolled  over  them, 
and  how  mechanical  devices,  simple  in  themselves,  but  not  comprehend- 
ed by  the  public,  were  metamorphosed  into  supernatural  productions, 
which  increased  in  mystery  and  magnitude  as  the  times  when  they  were 
contemplated  receded  from  those  of  their  birth.  Had  printing  not  been 
introduced  we  might  have  competed  with  the  ancients  in  prodigies,  and 
prodigies  as  fully  believed;  for  there  are  few.  old  examples  derived 
n'orn  tangible  mechanism,  or  pure  phantasma,  that  have  not  been 
imitated  by  modern  manufacturers.  But  alas  for  these !  the  revival  of 
letters  is  the  bane  of  their  fame.  Stripped  of  their  borrowed  garments 
they  stand  before  us  as  ordinary  mortals — a  predicament  most  of  their 
predecessors  would  be  in,  had  we  equal  facilities  to  disrobe  them. 

The  manner  of  taming  the  dragon  at  Colchis  is  characteristic.  It  was 
the  work  of  Medea  rather  than  of  Jascm,  accomplished  privily,  and  at 
midnight.  Instead  of  instructing  the  leader  of  the  Grecian  adventurers 
to  attack  it  as  he  attacked  the  bovine  monsters,  armed  with  his  faulchion 
and  club— a  species  of  combat  that  might  have  alarmed  the  palace,  she 
adopted  a  process  more  quiet  and  equally  effective ;  in  fact,  just  such  an 
one  as  might  have  been  expected  from  her. 

"  To  make  the  dragon  sleep  that  never  slept, 
Whose  crest  shoots  dreadful  lastre ;  from  his  jaws 
A  triple  tire  of  forked  stings  he  draws, 
With  faD?s  and  win^gs  of  a  prodi^ioas  size: 
Such  was  the  guardian  of  the  golden  prize. 
Yet  him,  besprinkled  wUk  Lethman  deta^ 
The  fair  enchantTA^s  into  slumbert  threw"    [Met.  vii.] 

That  is,  in  unadorned  prose,  she  turned  or  threw  on  the  concealed 
boiler  and  fiimace  a  shower  of  cold  water ;  and  thus,  without  injuring 
the  dragon,  sent  him  as  effectually  to  sleep  as  a  steam-engine  is  without 
steam — the  very  device  which  has  been  recommended  to  render  harm- 
less a  boiler  when  ready  to  explode. 

The  incident  mentioned  by  Apollonius  of  the  dragon  hissing  so  hor- 
ribly and  loud,  when  the  two  lovers  approached,  as  to  cause  neighboring 
forests  to  echo  back  the  sound  and  make  distant  people  start  in  their 
dreams,  is  pure  hyperbole  :  if  modified  to  an  ordinary  growl  it  is  hardly 
reconcileable  with  what  he  just  before  narrates  of  the  lady  being  so  cau- 
tious of  awakening  the  numerous  palace-guards  as  t  >  escape  through 
by-paths  barefoot.  Sensible  of  the  solecism  he  in  the  next  breath  as- 
cribes the  undisturbed  repose  of  ^etes  and  his  family  to  magic.  It 
would  however  be  futile  to  attempt  to  extract  unadulterated  truth  in 
every  particular  from  labored  fiction,  and  particularly  in  dragon  history, 
CO  make  out  wheie  truth  and  fable  meet,  where  o^«  begins  or  the  other 
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ends.  Facts  woveu  up  in  old  poetry  were  like  woollen  threads  in  Baby- 
lonian garments-^ valued  in  proportion  as  they  were  embellished.  The 
poet's  like  the  sculptor's  or  embroiderer's  skill  was  measured  by  the  art 
"vith  which  ordinary  materials  were  lost  in  forms  and  ornament.  Few 
think  of  aluminous  earth  while  viewing  the  splendid  vase,  and  none  look 
for  truth  unadorned  in  works  of  classic  artists.  ^ 


THE   CHIIIJBRA. 

The  Chimaera  destroyed  by  Bellerophon  looks  very  like  another  sped* 
men  of  Eolipilic  ingenuity,  though  represented  of  course  as  a  living  ani* 
mal,  agreeably  to  legendary  tradition  and  poetic  license.  Homer  de- 
scribes it  as 

Lion  faced, 

With  dragon  tail,  shag  bodied  as  the  eoat, 

And  from  his  jaws  ejecting  streams  of  fire.    [it.  vi.] 

The  most  popular  of  ancient  explanations  supposes  this  monster  sig- 
nified a  burning  mountain,  whose  top,  on  account  of  its  desolate  nature, 
was  the  resoit  of  lions,  [an  obvious  contradiction]  the  middle  being  fruit- 
ful, abounded  with  goats,  the  marshy  ground  at  the  bottom  swarmed 
with  serpents,  and  Bellerophon  by  cultivating  the  mountain  subdued  it ! 
Such  is  one  of  the  best  specimens  of  classic^  guessing,  and  yet  both 
mountain  and  its  inhabitants  were  suppositious — assumed  for  want  of 
better  grounds  of  conjecture.  It  is  observable  that  old  fire-breathing 
monsters  are  represented  as  akin  to  each  other :  thus  the  Chimaera,  the 
dragon  which  guarded  the  golden  fruit  in  the  garden  of  the  Hesperides, 
Cerberus  and  others,  were  related  to  Typbon  and  the  rest  of  the  giante-^ 
as  if  to  intimate  their  common  nature,  so  that,  according  to  mythology 
itself,  if  one  was  an  automaton,  all,  or  nearly  all,  partook  of  the  same 
character.  If  the  mountain  supplied  the  true  solution  of  the  Chimaera,  it 
should  furnish  a  key  to  unriddle  the  rest,  but  it  would  be  impossible  to 
locate  volcanoes  where  fiery  dragons  were — in  gardens,  cellars,  palaces, 
Sec,  and  still  more  so  to  make  them  travel  abroad  and  rush  hither  and 
thither  in  battle. 

How  much  more  reasonable  to  admit  the  Chimaera  to  have  been  an 
Eolipilic  dragon ;  its  description  is  then  natural,  its  appearance  and  per- 
formances credible,  and  its  demolition  by  the  great  captain  consistent. 
Old  demi-gods  did  not  acquire  their  titles  by  wielding  the  mattock. 

If  the  figure  No.  289  had  a  couple  more  heads  and  were  furnished 
with  the  caudal  termitius  of  a  lizard  or  cayman,  it  would  form  no  bad 
representation  of  the  Chimaera. 

CACUS. 

As  like  causes  produce  like  effects,  so  in  early  as  in  later  times  dia- 
banded  soldiers  turned  often  robbers.  Too  idle  to  work,  numbers  of 
these  ruffians  lived  by  private  plunder  when  opportunities  ceased  fot 
sharing  public  spoils.  Not  a  few  of  the  old  hen>es  belonged  to  this  class, 
and  among  them  was  Cacus,    The  story  of  this  famous  thief  is  an  admi- 

*  There  is  a  striking  likeness  in  the  manners,  customs  and  superstitions  of  the  Cd- 
chians,  as  portrayed  by  Apollonius  Rhodius,  and  (hose  of  the  people  described  h\  Sazo 
and  Olaus  Magnaa.  It  would  be  a  curious  fact  if  fighting  and  jncgling  Eolipiles,  or 
the  knowledge  of  them,  lingered  in  the  regions  of  the  Euxine  and  Caspian  from  The 
adventure  of  the  Argonanis  to  the  battles  in  which  the  automatons  represented  in  ags« 
sS80  and  290  are  said  to  have  been  employed.  It  was  from  Scythia  the  arts  of  hnatr 
founding  and  working  in  metals  descended  to  lower  latitudes,  according  to  Pliny. 
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rable  comme . ;  o  i  tbe  state  of  society  in  liis  day,  besides  furnishing  an- 
other specimb*:.  of  fraud  preying  on  credulity  by  means  of  Eolipiles.  A 
son  of  Vulcan,  ne  knew  something  of  machinery  and  of  the  wonders, 
honest  and  dis  onest,  his  father  wrought  by  it.  As  usual,  he  occupied  a 
cave  favorably  ^  seated  for  his  purposes. 

....  See  yon  rock  that  mates  the  sky, 
About  whose  feet  such  heaps  of  rubbish  lie ; 
Such  indigested  ruin;  bleak  and  bare, 
How  desert  now  it  stands,  exposed  in  air! 
*Twas  once  a  robber's  den,  enclosed  around 
With  living  stone,  and  deep  beneath  (he  ground 

i'he  monster  Cacus,  more  than  half  a  beast,  . 

This  hold,  impervious  to  the  sun,  possess'd.    \En.  viii.    Dryden.] 

At  the  cavern's  mouth  he  had  a  triple-headed  image,  which  (not  ita 
owner)  belched  black  clouds  and  livid  fire.  It  was  at  length  destroyed 
by  Hercules,  who  we  have  seen  had  some  experience  in  such  matters. 
The  success  of  Cacus  in  levying  contributions  from  the  fields  and  folds 
of  the  simple  inhabitants  of  the  neighborhood,  and  on  drovers,  passing 
through  it,  appears  to  have  been  due  to  the  tact  by  which  he  made  it 
generally  believed  that  he  and  the  monster  were  one  and  the  same  indi- 
vidual : — a  common  ruse  this  in  such  cases,  and  one  by  no  means  pecu- 
liar to  mythic  epochs.  He  made  his  forays  in  the  night,  and  lay  concealed 
during  the  day. 

The  personification  of  Eolipilic  and  other  images  was  in  keeping  with 
their  desifrn,  and  necessary  to  preserve  their  influence  over  the  ii^tio- 
rant.  As  they  sustained  the  characters  of  gods  and  demigods,  they  w«^re 
addressed  as  such.  The  practice  differs  but  little  from  what  is  now  in 
vogue;  fire-engines,  mills,  ships,  guns,  &c.  have  male  and  female  desig- 
nations, are  often  spoken  of  as  if  endowed  with  spontaneity  and  pas- 
sions ;  i)ut  with  not  half  the  propriety  as  androids  representing  and  per- 
forming functions  of  living  beings.  Sometimes  these  are  so  delineated  in 
their  appearance,  feelings,  employments,  &c.  that  no  doubt  of  men  being 
intended  could  arise,  were  they  not  at  other  times  associated  with  attri- 
butes and  deformities  unknown  to  humanity.  The  solution  is  however 
easy  : — The  ancients  like  the  moderns  gave  their  names  to  certain  classes 
of  devices,  and  it  is  descriptions  of  these  which  we  confound  with  the 
persons  after  whom  they  were  named— the  artificial  dragon  of  Cacus 
with  that  individual.  The  same  cause  of  misapprehension  may  take  place 
.vith  regard  to  men  and  things  of  our  day.  What,  for  example,  must  peo- 
ple thick,  some  thousands  of  years  hence,  of  Washington  and  Franklin, 
if  all  memorials  of  them  should  then  be  lost  except  a  few  statements,  ol 
which  one  described  them  as  floating  monsters,  300  feet  in  length,  with 
scores  of  brazen  mouths  through  which  they  vomited  floods  of  fire  and 
loared  so  loud  as  to  make  mountains  quake :— or  according  to  another 
they  were  of  less  majestic  size,  but  showering  volumes  of  smoke  from 
iron  throats,  trembling  with  passion  when  obstructed  in  their  progress, 
and  then  starting  forward,  gasping  and  galloping  over  the  ground  with 
almost  lightning  speed,  and  leaving  trains  of  fire  behind  !  Land  and  wa- 
ter dragons  !  What  could  such  people  think  unless  informed  that  74  gun* 
ships  vnd  locomotive  carriages  often  bore  the  christian  names  and  sur* 
rames  of  those  celebrated  men. 


OER  TON . 

Geryon,  another  demigod,  resembled  Cacus  in  appearance  but  not  in 
circumstances   an^  condition,  for  he  was  3  prince,  and  rich  in  flocks  and 
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herds,  aiid  to  guard  them  had  a  dog  with  two  heads  and  a  dragon 
•even ;  both  of  which  were  overcome  by  Hercules,  who  alao  slew  their 
owner  and  seized  the  cattle  as  his  rightful  spoil.  This  Quixote  of  mjibo 
logy  travelled  in  quest  of  strange  adventures,  and  enriched  himself,  as 
all  heroes  did  and  do,  by  rapine.  In  his  time,  as  in  Job's,  wealth  consist- 
ed principally  in  cattle ;  and  cattle  stealing  was,  as  in  subsequent  times, 
not  held  dishonorable— except  when  unsuccessful.  Gods  and  demigods 
followed  and  acquired  fame  bv  the  profession.  Of  primitive  moss-troop- 
ers none  equalled  Mercury  and  Hercules  in  cunning ;  it  was  therefore  a 
sad  mistake  in  Cacus  to  seize  eight  of  Geryon's  kine  while  in  the  posses- 
sion of  such  a  bold  and  knowing  drover  as  Alcides.  Though  he  succeeded 
in  getting  them  unperceived  into  his  den,  his  fire-spitting  image  had  no 
fears  for  the  enraged  loser,  who  was  too  familiar  with  such  things  to 
dread  them. 

This  primitive  prevalence  of  robbery  sufficiently  accounts  for  the 
adoption  of  secret  and  extraordinary  devices  to  scare  night  thieves  from 
folds  and  dwellings  of  the  rich ;  and  sure  we  are  that  modem  ingenuity 
might  be  taxed  in  vain  to  produce  one  better  adapted  to  terrify  the  igno- 
rant and  keep  the  dishonest  at  bay,  in  dark  and  grossly-superstitious  times, 
than  fiame-ejecting  Eolipiles.  On  the  approach  of  a  thie(  the  concealed 
attendant  had  only  to  open  a  cock  to  sena  a  scorching  blast  on  the  offend- 
er, or  the  latter  might  himself  unconsciously  be  made  to  open  it  by  his 
weight — a  species  of  contrivance  perfectly  in  character  witii  the  genins 
and  acknowledged  productions  of  ancient  artists.  Vulcan  was  full  of  such 
conceits.  Even  now  a  grim-looking  image  of  the  kind  would  excite  no 
little  hoiTor  among  stupid  burglars,  while  it  would  strike  savages  dumb. 

The  word  Geryon,  according  to  some  paleologists,  signified  thunder- 
bolts, and  was  allusive  to  the  hissing,  piercing,  overwhelming  and  scorch- 
ing blasts  which  issued  from  the  dog  and  dragon,  or  from  a  triple-bodied 
monster  called  Geryon :  not  a  slight  intimation  this  of  their  Eolipilic 
nature.  In  fact,  to  consider  them  as  figurative  creations,  and  tlie  rest  ui 
the  characters  and  objects  real,  is  inconsistent ;  unless  it  be  conceded 
that  Geryon's  cows  were  kept  from  thieves  by  metaphors,  and  that  these 
were  hacked  and  shattered  by  material  clubs  and  faulcbions.  It  would 
have  required  some  flaming  similes  to  frigliten  experienced  cattle-lifters 
like  Cacus  and  Autolycus  from  their  destined  prey,  or  to  induce  them  to 
yield  up  acquired  spoils. 

To  resolve  these  "  orazen"  monsters  into  mere  creations  of  the  brain, 
appears  to  us  as  reasonable  as  to  explain  away  in  like  manner  metalline 
automata  of  the  Bible— representing  them  es  having  had  no  connection 
with  the  crucible,  but  simple  abstractions :  the  serpent,  for  example,  as 
emblematical  of  the  cunning  of  Moses,  and  the  calf  of  stupidity  in  the 
people.  By  the  same  process,  we  might  inteipret  the  "bronze  '  vessel 
or  statue  in  which  Eurystheus  conceatled  himself  from  Hercules  into  an 
imaginary  symbol  of  excessive  fear;  and  so  with  the  brazen  bull  of 
Phalaris  and  horse  of  Aruntius,  in  which  human  victims  were  consumed, 
and  their  shrieks  made  to  resemble  the  bellowing  of  oxen,  by  reverbera- 
ting through  interior  tubes :  a  device  probably  as  old  as  Amalekitish 
artists,  and  even  older.  The  calf  or  heifer  cast  by  the  Israelites  in  the 
wilderness  "  lowed,*'  according  to  the  Koran.  (Chap,  vii.) 

No  one  can  doubt  the  ability  of  workmen  ancient  as  Vulcan  and  the 
Cyclops  to  produce  machinery  of  the  kind.  If  one  fact  be  more  prominent 
than  another  in  the  enrliest  records,  sacred  and  profane,  it  is  the  perfec- 
tion to  wliich  brass-ibundini^  had  arrived,  and  the  aAazing  extent  to 
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which  metallic  imagery  was  carried.  This  was  a  natural  result  of  idoI« 
atry.  Superstitiou  was  tiie  nurse  of  these  arts ;  the  keenest  intellects  and 
finest  workmen  were  engaged  in  them.  The  grand  distinction  between 
the  useful  professions  of  past  and  present  times,  is  not  due  to  any  differ- 
ence in  capacity  or  skill,  but  to  the  estimation  in  which  the  arts  were  and 
are  held.  The  ancients  were  ignorant  of  their  destined  influence  on 
human  happiness  and  glory,  and  therefore  only  such  branches  were  pa- 
tronized as  strengthened  the  hold  of  chief  priests  and  rulers  on  the  mul- 
titude. 


CERBERUS. 

It  is  said  of  Hercules  that  he  went  about  subduing  the  powerful,  re- 
lieving the  oppressed,  and  exposing  fraud  ;  but  when  occasions  required 
he  obviously  acted  the  juggler  himself.  The  last  and  greatest  of  his 
twelve  labors— his  Cerberean  adventure— -bears  on  every  feature  traces 
of  trick.  He  here  employs  the  very  device  which  Cacus,  Geryon,  ^etes 
and  others  had  found  so  successful.  To  play  it  off  well  would  establish  his 
fame  over  all  competitors.  Having  destroyed  every  earthly  dragon  be  had 
heard  of,  he  undertakes  to  wind  up  his  achievements  in  that  line  by  prov- 
ing his  prowess  upon  the  one  which  guarded  the  gates  of  hell.  It  was 
therefore  given  out  that  he  was  about  to  bring  up  Cerberus  to  light  and 
exhibit  him  to  mortal  view.  This  would  eclipse  all  other  dragon  transac- 
tions; and  this  he  accomplished  !  Is  it  asked  how  ?  Why,  by  entering  a 
** dark  cavern*'  on  Mount  Tsenarus,  and  after  a  while  dragging  to  its 
mouth  a  three-headed  dog — an  Eolipilic  automaton  !  As  the  exhibition 
was  of  course  mside  in  the  night,  the  affrighted  spectators,  and  all  not  in 
the  secret,  could  not  doubt,  at  the  distance  they  stood,  the  presence  oi'  the 
canine  guardian  of  Tartarus ;  its  eyes  glaring  with  living  fire,  smoke  poll- 
ing from  its  jaws,  its  movements  and  the  noise  it  made,  would  more  than 
ensure  conviction.  The  public  part  of  the  performance  being  over,  the 
exhibitor,  agreeably  to  promise,  instantly  set  about  (no  doubt  to  the  grati 
fication  of  the  audience  and  particularly  of  Eurystheus)  to  remove  the 
monster  to  its  own  domicile.  There  is  no  room  to  doubt  this — he  certainly 
pulled  it  back  to  the  place  whence  he  drew  it  forth,  and  none  were  so  bold 
as  to  follow  and  see  how  he  succeeded.  Probably  not  one  of  the  beholders 
but  would  rather  his  hands  and  feet  had  changed  places  than  have  ven- 
tured within  the  cave  on  this  occasion. 

We  can  form  a  pretty  accurate  idea  of  the  sonorous  "roarings,"  th*) 
"  hissings,'*  and  "  variegated  yells"  of  mythic  monsters,  by  similar  sounds 
pioduced  when  steam  is  blown  off,  through  various  formed  orifices,  from 
modern  Eolxpiles. 

A  distinction  is  observable  in  the  characters  and  applications  of  fire- 
vomiting  images.  Those  which  represented  gods  or  warriors  partook 
mere  or  less  of  the  human  figure,  while  such  as  guarded  enclosures  for 
cattle,  habitations,  and  places  where  riches  were  kept,  put  on  forms 
compounded  of  dogs,  serpents,  lizards,  bats,  &c.  i,  e.  were  drugons — an 
idea  derived  from  the  employment  of  household  mastiffs  and  shepherd 
curs.  (A  beautiful  illustration  of  the  practice  of  protecting  houses  is 
seen  on  entering  the  vestibule  of  "The  house  rf  the  Tragic  poet"  at 
Pompeii.  On  the  mosaic  pavement  is  lively  represented  a  fierpe  and 
full-sized  dog,  collared  and  chained,  in  the  act  of^barking,  and  ready  to 
spring  upon  the  intruder.  At  his  feet  is  the  caution,  in  legible  letters, 
care  canem,  beware  of  the  dog.)  Griffins,  or  dragons,  says  Pliny,  form- 
erly guarded  gold  mines,  and  in  old  illustrated  works  some  queer-look* 
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ing  noQcleiscripts  are  seen  performing  that  duty.  The  sentiment 
once  universally  received ;  it  still  has  believers  in  benighted  parts  oi 
E  urupe,  and  over  a  great  part  of  the  £a5t.  It  was  encouraged  by  inte- 
rested individuals  to  keep  timid  thieves  at  a  distance.  Ridit;u]ou8  as  it 
appears,  it  accords  with  every  other  occupation  of  dragons.  Why  not 
protect  rich  mines  as  well  as  a  few  pounds  of  metal  1  The  story  or  the 
fact  gave  rise  to  the  fable  of  Cerberus ;  for  Tartarus,  its  occupants  and 
their  occupations  were  all  derived  fix»m  earthly,  tangible  ty}>es. 

Pluto  was  an  extensive  mining  proprietor,  Tartarus  his  subterranean 
domains;  its  fires  his  furnaces.  Demons  were  felons  condemned  "to  the 
mines,''  where,  naked  and  in  '*  chains/'  some  toiled  in  darkness,  and  were 
urged  to  unnatural  exertions  by  the  lashes  of  inexorable  overseers; 
others,  ghastly  from  inhaling  the  poisonous  fumes,  appeared  still  moro  so 
in  the  glare  of  sulphurous  Hres,  in  which  they  roasted  and  smelted  the 
ores.  Their  punishment  was  endless,  their  sentence  irrevocable ;  they 
had  no  hu;x*s  of  pardon  and  no  chance  of  escape.  Cerberus  freely  per- 
mitted all  to  enter  the  gate,  but  not  one  to  pass  out.  There  were  no 
periods  of  cassation  from  labor ;  their  fires  never  Ment  out ;  both  night 
and  day  the  smoke  of  their  torments  ascended  ;  groans  never  ceased  to 
be  heard,  nor  the  rattling  <tf  chains  and  shrieks  of  despair.  Acheron, 
Cocyt'is  and  Styx  were  subterranean  streams,  each  possessing  some  pe 
culiar  feature  or  property,  while  near  Phlegethon  arose  a  stream  of  car- 
buretttxl  hydrogen,  a  phenomenon  not  uncommon  on  the  earth's  surface, 
but  often  occurring  in  mines.  Such  is  the  most  probable  exposition  of 
the  origin  of  Tarrarus  From  what  else,  indeed,  could  the  heathen 
have  derived  the  idea  at  epochs  anterior  to  Scripture  descriptions  of 
hell,  and  before  prophets  c»r  apostles  flourished  1  We  know  that  the  an- 
cients sent  their  worst  felons  to  the  mines,  and  that  these  places  pre- 
sented the  most  vivid  representations  of  severe  and  ceaseless  punishment 
which  the  earth  affords.  The  greater  part  of  the  convicts  ere  they  en-- 
t'^red  these  dreary  regions  took  their  last  look  of  the  sun.  With  shud- 
dering horror,  pale,  and  eyes  aghast,  they  viewed  their  lamentable  fate. 
Milton's  description  of  hell  was  literally  true  of  ancient  mines  and  aub- 
terranean  smelting  furnaces. 

"  A  dungeon  horrible,  on  all  ^ides  aronnd 
^s  one  ^reat  furnace  llam'd.  yet  from  thosr  flames 
No  light,  but  rather  darkness  visible 
Serv'd  only  to  discover  si (rhts  of  wo; 
Regions  of  sorrow,  doleful  .shades,  where  peace 
And  rest  can  never  dwell,  hope  never  comes 
That  comes  to  all ;  but  torture  witbont  end 
3iiil  urges,  and  a  fieiy  deluge,  fed 
With  ever-burning  sulphur  onconsumcd.^' 

Does  the  reader  think  the  picture  too  highly  colored  for  mortal  per 
dition  1  Why,  it  lacks  a  modern  trait,  one  more  revolting  than  tho 
ancients  ever  imagined.  Boys  and  girls  from  six  to  ten  years  and  up* 
wards,  barn  and  bred  in  coal-pits,  less  knowing  than  brutes,  and  incom- 
parably worse  cared  for,  are,  or  were  recently,  wholly  employed  in  drag- 
ging and  pushing  on  all  fours,  and  perfectly  denuded,  laden  sledges 
through  dark,  broken,  wet  and  tortuous  passages  or  sewers  to  the  pit's 
nitmth  1  And  this  too  in  a  christian  and  enlightened  land,  where  no 
small  pait  of  the  people's  earnings  are  consumed  by  an  opulent  hie- 
rarchy !  Is  it  possible  for  hell  itself  so  effectually  to  efface  God's 
image,  or  to  heap  such  accumulated  woes  on  infant  and  unoffending  vio- 
tims  1  Pluto  and  hb  myrmidons  would  have  quaked  with  paf«ion  at  thtt 
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Dare  proposal  of  such  a  scheme ;  yet  iti  and  other  evils  scarcely  less 
sickening  and  vile,  have  their  defenders  among  those  who  worship  the 
mok>ch6  of  monarchy  and  mammon.  Heaven  help  the  oppressed  of  this 
earth — the  creators  but  not  partakers  of  its  wealth — who  industriously 
toil,  and  through  excessive  penury  prematurely  die — urged  to  produce 
a  maximum  amount  of  work  with  a  minimum  of  rest  and  food — who 
with  their  offspring  groan  in  hopeless  misery  here,  and  are  threatened 
with  endless  torments  in  another  life  if  they  remain  not  satisfied  '*  in 
that  station  into  which/'  some  reverend  and  blaspheming  despots  say 
'*  it  hath  phuised  God  to  call  them !" 

The  reason  why  sulphur  figured  so  largely  in  descriptions  of  Tar- 
tanis  must  be  apparent  to  all  conversant  with  mining  and  metallurgical 
operations.  It  is  the  earth's  internal  fuel,  the  most  profuse  of  subterra- 
nean inflammable  substances,  [^pervades  most  mineral  bodies  ;  and  not. 
minerals  alone,  but  in  metalliferous  ores  it  wonderfully  abounds.  All  the 
principal  ores  of  commerce  are  sulphurets;  iron,  silver,  copper,  tin, 
lead,  zinc,  &c.  Of  these  some  contain  15,  and  others  50  per  cent,  and 
upwards  of  sulphur,  to  get  rid  of  which  constitutes  the  chief  difHculty  in 
their  reduction.  In  order  to  this  they  are  "  roasted  "  at  a  low  red  heat 
for  six,  twelve,  twenty,  and  some  for  thirty  hours,  that  the  sulphur  may 
be  volatilized,  and  not  till  its  blue  flames  cease  is  the  signal  realized  to  in- 
crease the  heat  and  fuse  the  metal.  Thus,  for  every  ton  of  the  latter,  half 
a  ton,  and  often  a  whole  ton  of  the  former  has  to  be  driven  off  in  flames 
and  vapor;  so  that  it  was  with  strict  propriety  said  that  Pluto's  fires 
were  fed  with  it.  Comparatively  speaking,  they  consisted  of  little 
else,  and  little  else  was  felt  or  seen.  It  impregnated  every  object,  while 
from  its  offensive  odor  and  suffocating  fumes  none  could  escape.  Im- 
mense quantities  of  common  brimstone  are  obtained  by  collecting  and 
condensing  the  vapors  that  ascend  from  smelting  furnaces ;  and  it  may 
have  been  this,  or  a  native  mass,  which  formed  the  throne  or  usual  seat 
of  the  lord  of  the  lower  regions.  As  long  as  the  eaith  endures,  volcanos 
burn,  and  minerals  are  reduced,  there  will  be,  as  in  Pluto's  time,  arti- 
ficial as  well  as  natural  fires  of  ever-burning  sulphur. 

There  are  passages  in  Maundeville's  Travels  corroborative  of  Carpini's 
images  and  Pliny^s  Griffins.  He  speaks  of  artists  in  northern  Asia  as 
wonderfully  expert  in  automatical  contrivances — "  fulle  of  cauteles  and 
sotyUe  disceytesj**  making  *'  bestes  and  bryddes,  that  songen  full  delecta- 
l>ely,  and  mevedon  be  craft,  that  it  semede  thei  weren  quyke."  In  his 
28  Cap.  he  describes  a  valley  rich  in  gold  and  silver,  (in  the  *'  lordchippe 
of  Prester  John,")  but  it  abounded  with  devils,  and  few  men  who  ventured 
there  for  treasure  returned.  This  was  the  story,  and  we  need  not  say 
how  like  a  primitive  artifice  to  scare  people  from  intruding.  '*  And  in 
mydde  place  of  that  vale,  undir  a  rodit^  is  an  hed  and  the  visage  of  a 
devyl  bodyliche,  fulle  horrible  and  dreadfulle  to  see,  and  it  schewethe 
not  but  the  hed  to  the  schuldres.  But  there  is  no  man  in  the  world  so 
hardy,  Cristene  man  ne  other,  but  that  he  wold  ben  a  drad  for  to  behold 
it ;  and  that  it  wo]de  semen  him  to  dye  for  drede,  so  hideouse  is  it  for 
to  beholde.  For  he  beholdethe  every  man  so  scharpley,  with  dredfulle 
eyetj  that  ben  evere  more  movynge  and  sparklynge  as  fuyr,  and  chaiing- 
ctbe  and  sterethe  so  often  in  dy verse  manere,  with  so  honible  counte- 
nance, that  no  man  dar  not  neighen  [approach]  towardes  him.  And  fro 
him  comethe  smoke  and  stynk  andfuyr^  and  so  much  abhomynacioun,  that 
U'nethe  no  man  may  there  endure.'*  This  was  one  of  the  tricks  which 
the  traveller  could  not  tell,  whether  it  was  done  "  by  craft  or  by  negro- 
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mancye.''  From  automata  he  saw  in  the  country  belonging  to  Prestei 
John*8  father-in-law,  [CbinaJ  he  was  led  to  conclude  that  artists  there 
surpassed  all  men  under  heaven  for  deceptive  inventions. 

Ihat  devices  like  the  one  just  described,  or  similar  to  the  brazen 
horses  of  Regnerus,  were  in  vogue  in  the  East,  in  Maundeville's  time,  ap- 
pears from  Marco  Paulo,  who  mentions  magic  contrivances  for  darken- 
ing  the  air  with  clouds  of  smoke,  &c.  in  use  by  the  military,  and  under 
cover  of  which  many  were  slain.  Marco  himself  was  once  in  danger  of 
his  life  on  such  an  occasion :  he  escaped,  but  several  of  his  associates 
were  cut  off. 


DRAOONf, 

Had  not  ideas  of  fire- spouting  nondescripts  been  exceedingly  ancient 
they  had  never  become  so  intimately  ^nd  universally  mixed  up  with 
human  affairs.  Throughout  the  old  world  the  dragon  was  the  ne  ///« 
ultra  of  impersonations  of  the  horrible-^the  king  of  monsters.  It  is  so 
now,  and  a  more  appalling  one,  or  one  invested  with  more  terrific  quali- 
ties cannot  be  devised.  So  deeply  was  its  image  impressed  on  ancient 
minds  that  it  pervaded  history,  song,  and  all  religions.  We  meet  with  it 
in  the  Scriptures  as  well  as  in  the  classics.  The  devil,  from  his  reputed 
connection  with  smoke  and  liquid  fire,  is  named  "the  great  dragon."  In 
old  religious  processions,  and  in  the  "mysteries"  or  dramatic  represen- 
tations of  the  church,  Satan  was  symbolized  by  an  image  of  a  dragon 
spitting  fire.  The  author  of  the  apocalypse  seems  to  allude  to  mythic 
fire-breathing  images  in  the  following  passage.  "  If  any  man  will  hurt 
them,  fire  proceedeth  out  of  their  mouths  and  devoureth  their  enemies."  * 

The  universal  custom  of  exhibiting  figures  of  dragons  in  ecclesias- 
tical and  civic  pomps  was  a  mythic  relic — a  practice  continued  from 
times  when  captured  idols  and  warring  Eolipiles  were  led  in  triumph. 
Then,  objects  of  superstitious  dread,  they  now  amused  spectators :  at 
the  coronation  of  Anne  Bulleyn,  a  "foyste"  or  galley  preceded  the 
lord  mayor's  barge ;  "  in  which  fbyste  was  a  great  red  dragon,  continu- 
ally moving  and  casting  forth  wild  fire  :  and  round  about  the  said  foyste 
stood  terrible,  monstrous  and  wilde  men,  casting  fire  and  making  a  hide- 
ous noise."  If  the  truth  could  be  known,  there  would  be  found  little  dif- 
ference between  this  modem  monster  and  some  of  its  ancient  namesakes. 

No  chimerical  being  was  ever  so  celebrated  as  the  dragon.  To  it 
temples  were  dedicated,  of  which  some  remained  in  classical  eras.  The 
practice  is  continued  in  China.  Of  an  o£cial  dignitary  it  is  said,  ere  he 
entered  on  the  duties  of  his  office  (at  Canton,)  he  one  morning  paid  his 
devotions  at  eight  temples,  of  which  one  was  consecrated  to  the  god  of 
fire,  another  to  the  god  of  wind,  and  a  thiri  to  the  dragon  or  dra^n- 
king.  '*  The  festival  of  the  dragon-boats"  is  another  relic  of  times  when 
these  artificial  monsters  were  in  ve<nje.  [Chinese  Rep,  iii.  95,  47.]  The 
lege:  rii  of  China  and  Japan  teem  with  dragon  allegories  and  apologues. 
The  figure  is  an  imperial  emblem,  and  as  such  is  wrought  on  robes* 
painted  on  porcelain,  carved  on  dwellings,  ships,  furniture  and  other 


*  In  Scandinavian  and  ancient  British  history,  and  tbroaghout  northern  As(a  and 
Europe,  the  dragon  was  'he  universal  minister  or  vengeance.  It  was  eventually  nude 
tvpical  of  all  destructive  agents — of  water  ;>>  well  as  fire.  It  became  a  symbo)  of  the 
deluge,  on  which  account  figures  of  it  pouring  water  from  the  mouth  were  adopted  ia 
aocieot  fountains.  Some  of  these  have  been  noticed  in  this  volume-  May  not  S«. 
John  have  had  one  in  view  when  he  wrote  "  And  the  dragon  east  out  of  his  montili 
water  as  a  flood/'    [/2ev.  xii.  13-37.] 
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works  of  ait.  No  people  retain  so  many  characteristics  of  times  when 
£olipi)ic  monsters  flourished.  They  act  on  the  same  principle  as  old 
warriors  did,  by  trying  to  frighten  their  enemies  with  warlike  scare- 
crows, with  pompdUs  orden— assuming  the  language  of  gods  and  ad- 
dressing other  people  as  devils,  dogs  and  reptiles.  Their  taste  for  the 
horrible  extends  to  civil  life;  things  of  the  wildest  forms  which  imagi- 
nation can  furnish  or  nature  reveal  are  most  highly  prized. 

As  a  guardian  of  temples,  sacred  groves  and  treasures,  the  celebrity 
of  the  dragon  has  continued  to  present  times.  Enforcing  a  principle  in 
ancient  ethics,  it  kept  the  Ignorant  honest  by  frightening  them.  But  when 
it  lost  this  magic  power,  and  enchanted  chambers  could  no  longer  he 
relied  on,  eastern  monarchs  sought  out  natural  monsters  to  guard  their 
precious  stones  and  living  jewels.  Deformed  negroes ;  the  most  hideous 
of  nature's  abortions,  are  now  the  sentinels  of  eastern  treasuries  and 
seraglios. 

Mythic  drafjons  had  commonly  a  multiplicity  of  heads.  This  was  in 
keeping  with  their  design  and  with  the  taste  of  the  times.  Each  addi- 
tional member  adding  horror  to  their  appearance  and  furnishing  in  the 
mouth  and  eyes  additional  orifices  for  the  issuing  flames;  like  fire-en- 
gines that  eject  several  stream;).  The  device  is  very  analagous  to  others 
common  in  old  war-engines.  The  idea  was  adopted  by  the  author  of  the 
most  figurative  book  of  the  Scriptures.  He  speaks  of  '*  a  great  red  dra- 
gon with  seven  heads  and  ten  horns."  The  figure  No.  288  it  will  be 
seen  has  one  horn.  Most  of  the  idols  of  the  Hindoos,  and  of  the  orientals 
generally,  have  numerous  heads,  and  some  have  horns.  By  dragons  in 
the  Bible,  crocodiles,  or  large  serpents,  are  commonly  intended,  but 
chimerical  or  mythic  beings  are  obviously  intended  in  such  passages  as 
the  one  above  quoted. 

Another  characteristic  in  dragon  biography,  attributed  to  rather  mo- 
dern individuals,  was  an  undoubted  trait  in  the  patriarchs  of  the  species. 
When  one  was  overcome  without  being  demolished,  it  was  generally  led 
in  triumph,  in  the  manner  of  Theseus  showing  ofi*  the  Marathonian  bull 
in  the  streets  of  Athens— or  of  Saint  Remain  leading  with  his  stole  a 
fierce  dragon  to  the  market-place  at  Rouen — the  victor  receiving  the  con- 
gratulations of  his  countrymen  on  his  prowess,  and  the  prisoner  behav 
mg  the  while,  as  well  behaved  prisoners  should — i.  e.  silently  submit- 
ting to  the  will  of  the  captors.  Suppose  the  dragon  figured  at  No.  289, 
exhausted  of  its  contents,  (in  battle  it  would  often  require  fresh  charging,) 
its  movements  put  a  stop  to,  and  in  that  condition  captured  ;  what  fol- 
lows, but  that  the  victors  put  one  end  of  a  rope  round  its  neck  and  the 
other  in  their  hands ;  and  have  we  not  then  a  perfect  representation  of  a 
fiery  monster  becoming  harmless  as  a  lamb  and  tamely  submitting  to  be 
led  about,  as  ancient  chronicles  have  it,  **  like  a  meke  beaste  and  de- 
bonayre." 

But  the  dragon  was  dedicated  to  Minerva ;  and  to  whom  else  could 
it  have  been  so  appropriately  devoted  1  One  might  almost  fancy  she 
mounted  this  popular  form  of  the  Eolipile  on  her  cap  as  a  compliment 
to  old  artists.  Certainly  if  the  patroness  of  the  useful  arts  had  now  to 
select  an  expressive  symbol  of  her  best  gift  to  mortals,  she  would  adopt 
the  same  thing  in  its  modem  shape — a  miniature  engine  and  boiler. 
This  she  would  consider,  like  Worcester,  her  **  crowning"  device.  But 
it  is  perhaps  said,  the  ornament  on  her  crest  was  an  emblem  of  war. 
Well,  was  not  that  the  chief  use  to  which  Eolipilic  dragons  were  put  t 
Then  was  she  not  so  familiar  with  artificial  lightning  and  thunder  as  to 
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nave  rivalled  her  &ther  io  hurlinf^  them  at  will  on  her  foes.  She  toi»k 
pait  in  the  wan  of  the  giants,  and  destroyed  not  the  least  of  the  kindred 
of  Typhon  herself.  Another  circumstance  indicative  of  her  acquaintance 
virith  £o]ipilic  contrivances  is  the  fact,  (noticed  on  a  previous  page,)  of 
her  image  at  Troy  having  the  faculty  of  sending  flames  from  its  eyes. 

It  were  easy  thus  to  proceed  aii  i  point  out  the  artificial  character  of 
most  of  the  imaginary  monsters  of  antiquity — ^to  render  in  a  high  degree 
probable,  that,  like  acknowledged  androidal  and  automata!  productions 
of  Vulcan,  Daedalus,  Icarus,  Perillus,  and  other  artists  named  by  Pliny  in 
his  34th  Book,  they  were  origrinally  mechanical,  pyrotechnical  or  eolipilic 
images ;  sometimes  combining  two  or  more  and  occasionally  other  ele- 
ments in  their  functions  and  movements  ;  that  the  faculty  of  locomotion 
attributed  to  some  accorded  not  only  with  applications  of  modem  me- 
chanism, but  with  avowed  artificial  contrivances  of  ancient  artists,  and 
that  their  material  natures  were,  in  after  times,  construed  into  the  ideal, 
either  from  ignorance  or  by  the  imagination  of  poets — but  this  is  unne- 
cessary. Enough  has  been  said  to  induce  the  reader  to  pursue  the  sub- 
ject, or  to  reject  the  hypothesis  as  untenable.  The  antiquity  of  EoHpiles 
u  unquestionable.  Their  origin  is  lost  in  remote  time.  We  know  they 
were  made  in  fantastic  and  frightful  forms,  were  used  as  idols,  designed 
to  spout  fluids  and  eject  fire — the  very  attributes  ascribed  to  mythic 
monsters.  Is  it  unreasonable  then  to  suppose  the  latter  had  no  exist euce 
except  as  Eoli  piles?  But  if  it  be  contended  they  were  wholly  figurative, 
from  what  were  the  conceptions  derived,  if  EoHpiles  were  not  the  things 
they  symbolized  ;  and  how  account  for  coincidences  which  nothing  else 
in  nature  or  in  art  can  produce!  One  observation  more,  and  we 
conclude : — 

Early  applications  of  EoHpiles  and  their  present  employment  as  steam 
boilers,  suggest  some  interesting  analogies.  Emblems  of  half  civilized 
times  and  races,  they  connect  the  remote  past  with  the  present.  Ordain- 
ed as  it  were  to  move  in  advance  of  the  arts  and  astonish  mankind,  they 
have  lost  none  of  their  virtue.  If  their  ancient  vagaries  shook  commu- 
nities with  alarm,  their  current  deeds  are  eliciting  the  world's  admira- 
tion. They  furnished  tradition  with  marvellous  stories,  and  modem  his- 
tory is  engaged  in  recording  their  wonders.  They  supplied  materials  for 
the  earliest  and  worst  chapters  in  the  earth's  annals ;  to  them  and  their 
effects  win  be  devoted  some  of  the  latest  and  best.  Formerly  they  feebly 
personated  Gods  ;  now,  the  sole  animators  of  our  grand  motive  engines, 
they  annihilate  time  and  space  by  their  movements  and  laugh  at  all  phy- 
aical  resistance.  Children  watch  their  operations  with  ecstacy  and  old 
men  hardly  believe  what  they  see.  Once  an  instrument  of  the  worst 
of  tyrannies,  the  Eolipile  is  becoming  the  most  effectual  agent  in  the  ex- 
tinction of  tyrants.  Instead  of  acting,  as  of  yore,  on  human  fears ;  debasing 
the  mind  and  furthering  the  views  of  oppressors,  it  captivates  the  judg- 
ment of  the  wisest,  elevates  nations  m  morals,  and  confers  on  them 
wealth  and  extended  domain.  The  g^m  of  old  miracle-mongers,  it  is  the 
staple  device  of  living  magicians,  for  its  present  improvers  and  users  are 
the  genuine  representatives  of  Pharaonic  Savans  and  mythologic  Magi 

,  Ko#  Yoik,  July,  1845. 
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bins.  121,122.  Valentinian,  196.  A  raven, 
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Anthemius  and  Zeno,  393 

Antiuater,  282 

Antlia  of  the  Greeks,  213 
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Aquariuft,  85 

Arabs,  41 
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Archimedes,  141,  36i»,  438 
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Artincial  hands  and  feet,  4 
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Aqueducts,  165- -169, 212 
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Awls,  87, 489 
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By  currents  of  air,  482-8.  By  currents  of 
steam,  488—496.  By  currents  of  water, 
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Atmosoherie  pumps,  173,  175, 187—191,206 

sprinkling  poU,  194,  195,  667, 
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Babylon,  79.    Hydraulic  engine  at.  1^  803 
Bacchus,  tricks  at  his  tempies,  200,  385 
Bacon,  Roger,  403 

Lord,  416-17,  550 

Balls  supported  on  jets  of  air,  steam,  tad 

water,  270,  395 
Barbers,  121, 162.    Stepr^aet, 
Barometer,  190,  375,  481 
Baj«ket,  swinging,  for  raisins  water,  85, 86 
Bate,  John,  321 ,  375, 421 ,  b6.%  668, 569 
Baths,  120,  147.  169,  393,  552,  558 
Bears  employea  in  tread-wheels,  74 
Beer,  87 
Bees,  257, 276 

Beds .  air  and  water.  1 77, 1 78.    Bedcloths,  178 
Bedsteads,  87, 178,  brazen  feet.    8€9  pr^fut 
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M  and  the  DrasoD,  619 

Bellooa,  306 

Bells  used  lisAre-eiigiBM,  313, 314.  BellmeB,' 
316 

Bellows,  87, 90,  177,  180,  S3»-S43, 361 ,  968, 
483.  Oriffhi  of  the  word,  670.  Volcen'a 
933,  940,  968,  668.  Afri'^n,  936.  946, 969. 
Allelic,  236.  Egyptian,  937,238.  Madm- 
nitcar,246,969.  Laiiteni,940,941.  Rotary, 

piston,    944--ft&9.      Philosophical, 
396,  397,  569, 670 

pumps,  906,  910, 936, 941,  943, 668 


Bell,  hydraulic,  137 

B^lzoni,  194 

Berenice's  hair,  143 

Bessoo's  Theatre,  qootad,  69,  114,  196,  169, 

318,980,317.410 
Bethlehem,  well  at,  48 
Bible  quoted  or  illustrated,  9,  10,  11,  19,  99, 

94, 96, 30, 31 ,  33, 35, 38. 40, 44, 51 ,  69,  Si.  S7, 

90,95,  117,  132,  I95,!»2,2i>3,291.303,366, 

391,  393,  400,  476, 617, 636, 660, 665,  671 
Birmah,  rai«»ing  water  in,  73 
Blacksmiths,  Adam  one,  12.    Ynlcaa,  940. 

GreciHn ,  24^. .    8€4  pr^faet, 
Blakey,  462 

Blood,  circulaiiott  of,  132^267 
Blow.pipeff,  19,  234,  669.    Eolipilic,  669 
Blowing  tubes,  Ewbank's,  484 — 496 

siphons,  Ewbank's,  627, 628 

Boa  Constrictor,  180 

Boatu,  steam  and  others,  968,  403, 419, 423, 

438 
Boilers,  of  wooj  and  of  granite,  470.    Heated 

by  the  sun,  471 
-^— —  ancient,  399, 393,699.  Of  coiled  tabes, 

394 
Branca,  418 
BuckeU,  32,69,  64,  63,  73,  83,  167, 171,  302, 

314,  315,  340.  341.   War  caused  by  one,  67, 

Ancient  metallic  ones,  230 
Bucket  enKines,  64— 66,  128.    Ancient,  673 
Burckhardt  at  Petra,  49.    At  Uamath,  116 

C 

OalabMh,  14, 16 

Cambyses,  377 

Camera  Obscura,  379,  403, 430 

Candles,  time  measured  by,  360 

Canne  hydrauiique,  372,  373 

Canopus,  origin  of  these  vessels,  93 

Capillary  attraction,  610,  613 

Cardan,  396, 407,  410 

Carpenter's  toolw  and  work,  87 

Carthagenian  wells,  27,  38 

Cast  iron,  268, 563 

Cato  the  Censor,  636 

Cauldrons,  19-21,  120,  169,  171,  937,  938, 

391,394 
Oaus.    See  Decaus. 
Caw1ey,*464,  468 
Cecil's  motive  engine,  473 
Cement,  68 

Centrifugal  pumps,  229,  290, 290, 291 
Chains,  Kolcien,  162.    Watch,  323 
Chain  oipots  machine,  122 — 132 
Chain-pumps,  148—168, 667.    In  ships,  164— 

167,  667 
Chain  and  sector,  467 
Chairs,  imprisoning,  29,  673.   Guie,  323 
Chemists'  siphons,  526 
Chemniti  pressure  engine,  363 
Child's  rattle,  inventor  of,  268 
Chili,  aqueducts  in,  166 
Chimneys   increasmg  the  draft  of,  996,  482, 
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»»»«  ^i.«..90, 248.  Jinler,199.  Welb 
38.30.36,83.  Proverbs,  90,  31.  nrBtag, 
Wiodlass,  *c.  69,  70.  Irrigation,  82,  SS, 
86.  Noria,  112.  Chainpamp,  160.  Ships, 
166.  Bellows,  248.  Digesters,  383.  Clocks, 
646 

Chisels  of  gold,  and  fiiced  with  iron,  6 

Chock,  eccentric,  2^ 

Churches,  fountains  in,  recommended,  640 

Circulation  of  the  blood,  132  257 

Cisterns,  48, 68,  169,  170, 657 

Cistern  pole,  67 

Cleauthes,  66 

Ctdpaydts.  96, 649—7 

Clocks  and  watches,  199,  986,393.    Sitek 
tates  tor  ^260 

Clysters,  960 

Coach  with  portable  ldtchel^  445 

Coal-pits,  raising  wmter  frora,  by  fire,  419 

Cocks,  of  gold,  silvsr,  ftc.  iTO,  650,  560 
Three  and  four  way,  364,  356, 421,  4^  449 
462,623.  Ancient,  394.657,  659.  Goage 
459.    Siphon,  627.    Sliding,  661 

Coffins  of  iron  and  lead,  661 

Cog.wheels,  71,  73,   114,  191.     Jtegina  fiv 
cutting  teeth,  323 

Cohesion  of  liquids,  613,  616 

Coining,  Roman  mode  of,  6 

Combs,  87.    8t€  j»rffae€. 

Condensation  of  steam  by  iiyectioa  disooveiei 
by  chance,  466 

Conon,  143 

Constantinople,  water-works  at,  43,  5&3b  Am 
cient  batns  at,  562.    Fire-engines  at,  316 

Constellations,  143 

Cooking  bT  steam,  47] 

Cord  and  micket  for  raismg  water,  63-^66 

Cornucopia,  119, 130 

Cortes,  169—163 

Coryatt,  78 

Cotton  gin,  350 

Couplina  screws,  396,  460 

Couvre  feu,  350 

Craasus,  bad  practice  of  his,  311 

Crates,  saving  of  his  about  war,  309 

Creusa.  3t£3 

Crucibles,  Egyptian,  87, 234 

Crusaders,  s,  372 

Cupelo  furnaces,  397 

Cupping.  202,  203 

Curfew  bell,  350 

Ctesibtvs,  121,  129,  192, 213, 259,  906-47D, 
647 

D 

Dsedalns,  inventions  ascribed  to  him,  968 

Damasking  linen,  333 

Danaus,  carried  pumps  to  Greece,  ISO 

Darius,  anecdote  of,  22 

Decaus,  319,  380, 410—13, 699,  633 

Delphic  oracle,  241,  392 

Democritus,  saying  of  his,  67 

Demons,  superstitions  respecting,  313,482,691 

Demosthenes,  his  father  a  cutler,  6 

De  Moura's  steam-eneine,  463 

Dentatus,  aneedote  of,  19 

Desaguliers,  his  bucket-engines,  63,  66.  Ro> 
marks  on  Savery,  460.    Steam-engine,  461 

Dials,  542 

Digesters,  392,  393, 446,  447 

Discoveries  in  the  arts,  way  to  make,  3C9 

Diogenes,  buried  heels  up,  36 

Distnfl*  and  spindle,  283 

Distillmg,  381,393,407 

Divination,  by  water,  34,  36.  With  caps,  309, 
201.   With  fire,  383,571.    Steam :  392,  399 

Diving  ships  and  apparatus,  430, 431 

Dogs  m  tread  wheels,  74,  75 
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Dolls,  87, 268  F 

Doors  and  gales,  self-moving,  384, 566, 566  Fafe's  La,  improved  tympanom,  111 

Dive-tailing,  87,  368  Feast  of  Cana.  siphons  used  at,  dl7 

Dowry  of  Scipio's  daughter,  121  Females,  employment  of  ancient,  283 

Drawmg:  water,  imposed  as  a  punishment,  84,  Fetters,  Lacedemonians  bound  with  their  own, 

131,  o33  84.    Found  on  skeletons  in  Pompeii,  29 

Drebble,  C.  188,  323,  381,  430  Fire,  modes  of  obtaining  it,  197.   Sacred,  196, 

Drinking  vessels,  4,  II,  14— 16,  162,  195,  206,  197.    Superstitions    respecting,    312— S14. 

520—2  Protecting  buildings  from,  304,  349.   Greek 

Dropsof  liquid,  511  fire,  307.    Laws  respecting,  351.    Raising 

Dropping  tubes,  199  water  by,  374—384,  418,  419,  431,  442. 

Dunstan,  St.  104,  105.    Adroit  trick  of  his,  Kindling  on  altars,  383,  384 

107  Fire-esca|)e8, 35c 

Dutch  scoop,  93.    Fire-engines  and  hose,  328,  Fire-engines,  302-  tl9, 573 

329.    Inventions.    See  pr^ce.  Firemen,  Roman,  309.    American,  340 — 346 

Dwellings,  Iieated  by  steam,  471.    Fountains  Fire-places,  483 

in,  recommended,  361, 540  Fish,  fishins.  86, 87, 185.    NeU,  550.    Sail- 
ing fish,  96 

E  Fitch,  John,  424 

ilar-trumpets,  379,  .573  Flatterers,  among  men  ot  science,  143,  145 

Ecclesiasles,  a  fine  passage  in,  illustrated,  Flies,  curious  mechanism  of,  182, 183 

132  Flying,  103,  104,  324, 430 

Ecelesiastics,  devices  of,  103—108,  383—387,  Fly-wheels,  278, 283 

392,  398—400  Floats  for  steam-boilers,  471 

Eddystone  light-house,  258,  366, 367  Fludd,  Robert,  65,  1^4,  219, 354, 407 

Egypt,  labor  of,  what  it  was,  86  Forcins  pumps,  262 

Egyptian  wells,  26—28.     Customs,  34,  78,  Forks  derived  from  China,  7D.    Their  ose  m 

81,83,87.    Noria,  113.    Shadoof,  94,  95.  Europe,  76— 78 

Mental^  85.  Chain  of  pots,  123, 131.  Screw,  Fortification,  a  moveable  one,  430 

142.    Siphons,  516.    Clepsydras,  544,  547.  Fortune,  wheel  of,  119 

Goldimilhs.  234.    Fire-engine,  307  Fountains,  27, 33,  34,  33,  41 ,  43,  49,  1 19,  163, 

Emblematic  devices,  32,  194,  203,  261,  314,  170.    Artificial.  30,  361,  379,  445, 532—541 

557  Fountain  lamps,  kc.  193 

Endosniosis,  510  Forcing  pumps,  262 — ^281 

Engines  of  motion,  419^  423  Francini's  bucket  machine,    128 

Engines  to  eztiugnish  fires,  of  great  antiquity,  Francois'  steam  machine,  463 

303.    Employed  in  ancient  wars,  303,  30o.  French   inventions.     Sei  prefofe.     Water* 

Referred  toby  ApoUodorus,  235, 304.   Des-  works,  277,296—298.    Fire-engines,  317, 

cribcd  and  figured  by  Heron,  305.    Portable  324-^331,  336 

engines,  3!1.   Syringe  ensine,  315,317,321.  Frictionless  pumps,  208,  209,  321,  274,  568. 

German,  31S,  319,  324,  331.    English,  320,  Sttbeliowt  pumpt. 

321,  322,  332—335,  568.    French,  324,  325,  Froes,  climb  by  atmospheric  pressure,  183 

327,329,336.    Dutch,  328,331.    American,  Fuel,  in  steam  idols,  400.    Lord  Bacon  on, 

339,  344,  345.     Rotary,  285,  573.    Steam  417 

fire-engines,  338,  346—349  Fulton,  Robert,  359, 464 

English,  inventions  of,  323.      Ste  preface.  Fusee,  71.    Fusee  windlass,  69— 71 

Water- works.  294 — ^296    Fire-engines,  320,  Future  happiness,  erroneous  views  of,  508 

332—335.     Steam-engines,  420,  437,  455, 
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Eolian  harp,  104  Gaining  and  losing  buckets,64 — 66, 128 

Eolipiles,  an  emblematic  device,  261.    From  Galileo,  104,  187,  188 

Heron's  Sf  iritalia,  394.    For  blowinj^  fires.  Games,  ancient,  8! 

395—400,  573.    Increasing  draft  oFchim-  Garcilasso,  167,  170,  609 

neys,  395,  401.    Diffusing  perfumes,  401.  Gardens,  Egyptian,  101.     Babylonian,    134 

Producing  music,  401.    Fusing  meiaw,  397,  Mexican,  ]d3,  537.     Peruvian.  171.     Ro. 

669,  570.    In  the  hunuin  form,  398,  399.  man,  536.    Italian,  537.    Persmn,  539,  573 

Used  in  war,  400.    Cluirging,  395, 407,  570  Floating,  539 

Eolipilic  idols,  398, 400,  570  Garden  watering  pou,  194,  195,  567,  57& 

Eoius,  god  of  wind»4  400  Garden  syringes,  261 

Epbesus,  fountains  at.  49  Gates  and  doors,  closed  by  machinery,  556 

Epigrams,  ancif nt,  2^.  537  Gauls,  36.    Induced  to  invade  Rome  by  thf 

ErcKeis,  blowing  eolipiles  from,  307, 570  report  of  a  smith,  19 

Evans,  Oliver,  424  Geese,  in  tread  wheels,  75 

Evaporation  of  water  from  the  earth,  506  Genevieve,  St.  37 

Ewbank's  eiperiments  on  raising  water,  226.  Gensanne's  engine,  463 

Mode  of  propelling  vessels,  406.    Blowing  Gerbert,  104.  401 

tubes,  484 — 496.    Spouting    tubes,    497 —  German  snail,  138.   Bellows  pump,  207.  Fire* 

504.    Mode  of  evaporating  liquids  in  vacuo,  engines,  3 1 9, 323—326.  German  inventions. 

495.    Experiments  on  the  force  of  sap,  509.  Ste  pre/ace. 

Increa»in{^  the  draft  of  chimneys^  488.  Yen-  Gesner,  381 

iliting  ships  and  mines,  488.    Si|>hons,  527,  Geysers,  41 1^  507 

528.    Siphon  cocks,  527.     Tubular  valve.  Glass,  painting  on,  4.    Engine  for  working, 

556.  Sliding  nocks.  560, 561.  Timied  leaden  323.    Mirrors,  121.    Glass  tomb  ol  Behw, 

pines,  555  200 

Ejqptosion  of  boilers.  392  Glass  tubes,  curious  motion  of,  429 

Explosive  motive  encrkes,  441, 450, 471—473  Glazier's  vise,  antiquity  of,  554 
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Glaaber.  JeWee  of  his,  440.     S%Teij  valTM 

owd  DV  him.  451.    Wooden  boilersi  470 
GloOi  ancient,  87, 
Gnat,  the,  a  boat  builder,  358 
Goats  employed  in  tread  wheels,  153.  Battles 

between,  366 
Goblets  for  anwolcome  guests,  531.  Magical, 

590 
Gold-beating,  87 

Golden  leeeml,  extract  from,  313,314 
Goose-neck  joint,  307,023,  337,  673.    Snbsti- 

tote  for,  334—326 
Gosset's  friction  less  pamp,  908 
Goths  employed  bears  in  tre^d  wheel-    T4 
GmTit)',  sa^nciision  of  objects  agaius^,  .*4i 
Greece,  wells  in,  27,  36.    Antiquities  fonnd 

in  them,  50.    water  raised  from  them  by 

tbe  swaps,  96 
Greeks,  268 

Green-houses  heated  by  steam,  471 
Goage  cocks,  4o9 
Guage,  mercurial,  451 
Guerncke,  Otto,  181,190,436 
Gulf  stream,  477,478 
Guns,  repeating,  430.    Air,  181,  192,  970, 379, 

573.    Hteara,  395,  433,  573 
Gunpowder,    143,   3S3.     Known   to    Roger 

Bacon,  403.    £ngines  mored  by,  441,  44H), 

472 
Gutters,  for  raising  water,  88, 91, 99.   Spouis 

of,  ornamented,  119 

H 

Hair,  coloring  it  practised  of  old,  190.    Bere. 

nice's  hair,  143.    Pulling  up  trees  by  one  of 

Sampson's  hairs,  418 
Hamatti,  water- works  at,  115,  116 
Hammer,  its  origin  and  history,  5,  6 
Hand,  ui$ed  as  a  cup,  11,  40,  52.    Artificial 

hand. 4 
Raskin's  quicksilver  pump,  274  VI 
Haulefine,441 
Heart,  the,  a  pump,  958 
Heetsodtratus,  wooden  foot  of,  4 
Helepoles,  304 

Heliopnliff.  Tountain  at,  43,  49 
Heliogahalas,  177,561 
Heraldic  devices,  261, 314,  999 
Herculaneum,  wells  at,  38, 39, 55.    Fountains 

at,  534 
Hereward,  the  Saxon,  36 
Herodoius,  quoted,  4,  11   12,  20, 39,  27,  58, 

79,  80,  81,  84,  96,  133,  !i41,  260 
Heroes,  old  mechanics  the  true,  5 
Heron,  65.    His  fountain,  361.  Air-machines, 

87S.     Account  of  his  Spiriulia,  385,  386. 

Eolipilos  from,  394 
Hieroglyphics,  American,  164 
Hindoos,  their  mode  of  drinking,  1 1 .    Wells, 

30,   3o,  ao,  38,  53.    Carrving  water,  84. 

Picoiah,  97.    Swimming  bnsket,  85.    Janiu, 

89,  {H).    Syringes,  260,261.   Water-clocks, 

544 
Hir^  La,  his  double  acting  pump,  271 
Holv  water,  derived  from  the  neat  hen,  166, 

196,  386.     Ancient  vase  for  sellinff  it,  387. 

0Ked  in  consecrating  bells,  313,   314,  and 

▼arioits  other  articles,  196 
Homer,  quoted,  19,  21, 22,  33, 233,  240,  350, 

536.    ifeiH  a  school  at  Scin,  131 
Honors,  titles  of,  absurd  origin  of  some,  144, 

145,  445,  446 
Kookah,  270 
Hooke,  Dr.  441 
Horn  of  abnnda«hce,  119, 120 
Horn,  drinking  saying  rtspectljg  it,  explaln- 
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Hour-glasses,  545, 547 

Hose  pipes,  301, 326—338,  945 

House  warming,  37 

Hudibras,265 

Hurricanes,  commence  at  die  leewaid,  4S1 

Huygbens,  44 1 

Hydraulic  belt,  137 

Hydraulic  ram.  367 — ^379 

Hydraulic  machines,  ancient,  7,  10,  81,  131 

133—135,267.    Used  as  first  moTers  of 

chinery,  138,  140,  158 
Hydrostatic  press,  376 


.Jo.»,  &t,  106-106.  EolipUie,3B8,»9,571^ 

572 
Impostures,  93,    106—108,  376--378.     Set 

Imprisoning  chairs,  429, 573 

Incas  of  Peru.    Aqueducts  erected  br  them. 

165-168 
Incendiaries,  308, 350.    Pnnishment  oi^  351 
India  ink,  70 

Indians,  American,  50, 107,  180 
InertiU;  373, 503 
Intermitting  springs,  506 
Inventions,  how  realized,  339.    Few  record 

ed,  416.    Cause  of  this,  427.     Advaniases 

of  recording  them,  453.    Century  of,  64, 

140.  362,  42^-438 
Inventors,  old,  concealed  their  disooverieSi 

and  why,  427.    Caricatured,  439 
Iodine,  discovery  of,  414 
Iron  cauldrons  soldered,  20.    Iron  statues, 

142.    Planinc  iron,  283 
Iron  first  cast  in  Rneland,  553 
Irrigation,  2S,  79,  80,  83,  84,  96,  118,  119, 

136,  131,  132,  163.    Aquarius,  an  emblem 

of,  119 
Italian  mode  of  raising  water  to  upper  floors 

63.    Fountains,  534,  537 


Jack,  old  name  ofaman-aerrant,  75.  Smok^ 

jack,  ibid. 
Jack  of  Hilton,  a  Saxon  eoliptle,  398 
Jacks  of  the  clock,  543 
Jacob's  wpII.  38,  43,44 
Jaculator  fish,  257 
Jantu,  89.    Alluded  to  br  Moses,  90 
Japanese  water- works,  135, 557.    Clocks,  513 
Jenoahaz,  portrait  of  at  Thebes,  116 
JeUd'eau,  163.532—541 

Jeweled  holes  tor  pivots  of  watches,  132,547 
ews,  their  «*ells,  25,  33,  34.   Watering  land, 
86.    Their  arts,  133 
Joseph's  well.  38, 45—47.    Divining  cup,  900 
Josephus,  ()unted,  38, 40,  54 
Juggling,  juvglers,  magicians,  &c.  23,  106— 

108,  198— 201, 376—385,  519, 52>— &3 
Juvenal,  quoted.  19,43,  131,  310,  311,  319, 
377.    Banished,  48 

K 

Kircher,  on  tlie  speaking  statue  of  Memnso, 
377.  Bellows-pump  from,  343.  Turned  i 
spit  by  an  eoiipile,  396.  His  mode  W 
raising  water  by  steam,  423 

Kitchensj  75.    Egyptian,  287, 938,  517 

Kites,  boY5%  422  ^ 

Knives  of  gold  and  edged  with  iron,  5u   P«l 
able  knives.  205 

Koran,  quoted,  10, 64, 117 


Laban's  images,  571 
Ladders,  poruble 
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Lues  Mcnris  and  Mareotis,  80  Mines,  ventilation   of,  488     Raising  water 

Lamps,  342.243,  421  from.  See  Agricola.HamuyefSavtry^ew 

Laniera  bellows,  237— 240.    Pomp,  241,243  coment  Worcester. 

Lares.    See  Idols.  Mirrors,  87,  121,  172 

Lateral  commanication  of  motion,  475—480  Moclach,  a  vizier.  56 

Laver  of  brass,  567  Momentum,  8i)3, 366, 367, 373.   Animals  haTt 

Law.  a  bar  to  the  progress  of  the  aits,  427  a  knowledge  of  it,  365 

Lead,  pigs  of:  leaden  roofs,  coffins,  rolled  Monks,  their  ingenuity  and  professions,  104— 

lead,  pipes,  &c.  163  21  ] ,  560-^  108,  386 
Leaden  pipes  tinned,  o55'  Montgoifier's  ram,  369—372 
Leather  pipes,  304,  326  Moon,  Wilkin's  project  to  reach  it,  103 
Lenses,  concave  and  contea.  380,  981  More  land,  Samuel,  nis  pump  and  speaking- 
Leopold's  Fire-engines,   32d— 33i.     Steam-  trumpet,  273.    Steam*engine,  441— 446 

engines.  462,  4m  Morey's  motive  engine,  473 

Level,  2d8  Moii(»n,  transmitted  by  air,  448.     Rotary, 

Lilirary,  in  an  ancient  ship,  147.  Alexandrian,  282— 2S4 

destroyed,  415  Motive  en^nes,  423,  473—474 

Lions'  heads  on  cocks,  gatters.  fte.  119, 667  Mouth,  various  operations  of,  <H 

Liquor  tasters.  195,  199  Musical  machines,  17,  381.    See  EolipiU$, 

Llama  of  Pern,  267  Memnon. 

Load-stone  for  suspending  an  iron  statue,  kc.  Mythology,  Egyptian,  89-^-85.  Pemvian,  167 

142 

Lobster's  tal^,  mechanism  of,  258  N 

Locomotive  carriages.  403,  423^  424,   473.  Naamah,  the  supposed  inTentress  of  spinning, 

Increasing  draft  of  chimneys  of,  397,  488  283 

London  water-works,  294—296,  321, 434,  667  Nabis,  his  cruelty,  673 

Lool^ing-glasses,  121  National  vauntings,  402 

Lncan,  quoted,  108,  125,  540  Natural  pump**,  and  devices  for  raising  liquids^ 

Lustral  vase  and  water,  387  209,  210,  200—258,  506—513 

Neptune^  507 

M  Nero,  his  golden  house,  639.    Water-clook| 

Macaroni,  kneading.  91  549 

Machines,  worked  by  the  feet,  90, 237—839.  Nets,  fishing,  86,  87 

War  machines,  305  New-Amsterdam,  wells  in   299.    Fires  and 

Machines  of  Ctesibins,  122, 192, 213, 259,266—  fire-wardens  in,  339,  340 

270,  547  New- York,  minutes  of  common  council,  299 

Madagascar,  bellows  of,  246,  363  300.   Old  treasury  note,  300.   Fire-engines, 

Magic  goblets,  518,  520  341—345 

Magnet,  abcient  one^  142  Newcoinen  and  Cawley's  engine,  296,  464 

Mahomedans,  traditions  and  customs  of,  13,  —468 

35,  36  Niagara  falls,  currents  of  air  at,  476 

Mahomet,  10.  54.    His  coffin,  143  Nineveh,  well  at,  26,  36 

Man.  his  body  a  living  pump,  257.    His  past  Noria,  Chinese,  112.  Ejiyptian,  113.  Spanish, 

an^  future  condition,  388— 390,  606  114.   Roman,  113.   Syriai.  116.   Mexican, 

Manco  Cafmc,  168.  172  163 

Mangle,  Chinese,  90  Nurembura,  in  the  16th  century,  CS4.  CoricNM 

Manuscripts,  108  report  of  Engineers,  566 
Mariner *s  compass,  143 

Marli ,  water- works  at,  396—398  O 

Mars,  rei>resented,  308  Omar,  logic  of.  415 

Martial,  quoted,  531  Oracle  at  Delphi,  prediction  of,  tA 

&Iastodon,  tradition  of,  165.    No  extinct  ani-  Organs,  547— odd 

mals  or  the  o^  kind  thirty  feet  high,  310  Organ-makers,  priests,  401 

Mathesius,  410  Oscillation  of  liuuids,  497 

Mechanic  powers,  origin  of  some,  1.    Imple-  Osiris,  82.    Made  his  own  piough,  83, 199 

menis,  o,  6  Ovid,  quoted.  1 U 13, 53,  76jM80 

Mechanics,  ancient,  little  known  of  them.  Oysters,  swallowing,  181.  Their  movements, 

3,  4.    At.  account  of  their  works  and  work-  257 

shops  wonld  have  been  invaluable.  4.  The  P 

true  heroes  of  old,  4,  5.    Formerly  seated  Paddle-wheels,  464.     Their  antiquity,  406 

when  at  work,   139,  240.    AdvanUges  of  Subcctitutes  for,  291 ,  406 

studyin«;  the  mechaiiiMm  of  animals,  258.  Pnlladium  of  Troy,  12,671 

Old  priests  first-rate  mechanics,  104,  401,  Panama  chains,  162 

441  Paper,  Chinese  mill,  90.     Made  by  steam. 

Mechanism,  revolving,  282—284  3.S8.    ExperimenU  with  a  sheet  of,  4SS. 

Medea,  inventressof  warm  and  vapor  baths.  Marbling,  323 

*20  Papin,   1.     Hifc  air-gun,  181.    Driven  from 

Medicines,  quack,  120  France  by  religious  persecution,  446.    His 

Memnon,  statue  of,  377,  401  digesters,  447.   Safety  valve,  447,461.  Air- 

Mercurml  guage  and  salipty  valves,  451  machine,  447—450.    Exp1«>s'««  e  engme,  460 

Metals,  hammered  into  plates,  2,  283,  651.  Steam  machines.  450— 452 

Drawn  into  wire,  2.    And  into  pijirs,  654.  Parabolic  jambs  ol  fire-places.  483 

Ancient  works  in,  6, 87, 162, 171,  i^7.    See  P^ris,  water-works of,2d6-298.  Ftre-engioeey 

preface.  327—331,336 

MetaUic  niirrors,  131  Pascal,  his  experiments  mi  ntmospherie  prsa* 

Mexicans,  34,  15»— 163  sure,  189 

MUls,  X^,  419,  423  Patents  and  patentees,  old,  439 
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Ttmn^  cttiet,  553 

Pedal  Tor  poondiiiff  rite,  90, 91 

PeRQ,  customs  in,  nspeciiaf  vateTi  95 

PehnoQc,  164 

Pendulum  mnchine  to  nisa  wator,  99,  98. 

Wndnlum  for  wmtebes,  441 

!¥nelope  and  Ulysses,  983 

Mrfiimed  foontams,  699,  640 

%ifumes  dis|«rsed  by  eolipiles,  401 

^rpetual  motions,  dw,  667 

Peruvians,  their  Asiatic  origin  doobtful,  172. 
Whistlinf  bottles  of,  17.  Mirrors,  121, 
172.  WellsBBdirrigation,  165— 167.  Com- 
mon  utensils  of  void,  171.  Ancient  city 
disinterred.  17.  Sucking  tubes,  S04.  Not 
ignorant  or  the  bellows,  363—256.  Dials, 
&,647 

Persians,  worshiped  wells,  36.  Ambassadors 
thrown  into  wells,  27.  Raising  water,  96, 
673.    Fountains,  539, 641 

Persian  wheel  lor  raising  water,  116 

Peter  Martyr,  quo:ed,  106, 314 

Pewter  and  pew  .erers,  162,  260 

Philadelphia,  watev-works  of,  800.  Fife-«B- 
gines,  344 

Phocion,  537,  565 

Piasa,  a  bird  that  devtmred  men,  165 

Pioouh,  a  machine  to  raise  water,  97 

Pins  and  needles,  87,  121.  First  nada  in 
England,  323 

PiMs,  water,  flexible.  256.  la  Mexico,  163. 
In  Peru,  170.  Asia,  211.  Pompeii,  211, 
552.  Rome,  213,  562.  Of  earthenware, 
68.  Of  leitner,  304.  Of  lead,  662,  653. 
Drawn,  554.    Tinned,  666 

Pipkins,  18, 19 

Pistons,  206,  214, 215, 307,  438 

Piston  bellows,  244—253 

Piston  and  cylinder,  various  applkationB  of, 
35S,  359,  425 

Piston  steam^ngine,  of  Worcester,  485—437. 
Of  Hautefille  and  Huyghens,  441.  Of  Pa^ 
pin,  450.  Of  Newoomen,  465.  Of  Leopold, 
469 

Plato,  his  Tiewv  of  mechanics,  3.  His  musi- 
cal clocks,  543,  648 

Play* bills,  ancient  one.  640 

Pliny  the  elder,  quoteo,  9,  16,  19,  86, 43,  68, 
79,81,96,  130,  192,  194.203,212,213,265, 
270,549,661.    His  death,  28 

Pliny  the  younger,  his  letter  to  Tngan,  309. 
Account  of  his  gardens^  536 

Plough,  82, 83, 1 32.    Engine  for  drawing,  423 

Plutarch,  quoted,  3, 12, 81, 118,811, 366,637, 
542,548 

Poison,  in  wells,  40 

Pompeii,  its  discovery,  29.  /tntiquities  found 
in,29,30,43,55,2n,552 

Poru,  Baptist,  1,  413.  Quoted,  379, 381, 430. 
his  Digester,  393.  Raised  water  by  heat, 
379.  By  steam,  407— 409.   By  a  siphon,  629 

Potter,  a  boy,  who  made  the  steam-engine 
self-acting,  470 

Pressure  ensines,  369—362.    Natural^  506 

Prester,  John,  fighu  the  Moogals  with  eoli- 
piles, 400 

Printing.  2, 70,  888 

Printers^  devices,  194 

Projectors,  ridiculed  in  a  public  procession, 
439 

Propf  lling  vessels  on  water.  Set  PadiU^ 
vheeU. 

Pulley,  its  origin,  used  by  the  Egyptians,  69. 
Used  for  raising  water,  58 — 63 

Pumps,  atmospheric:  of  uncertain  origin, 
212.  Mentioned  by  Pliny.  96,  213.  See 
also  2J 1—230.   Limiuio  which  water  rises 


m,  190,  993.    These  limits  known  ta  aid 

Smp-iuakers.  191.  DeoepUons  with,  224« 
».  fiag-ponip,  900.  Bellows,  do.  105— 
210.  Burr,  do.  214.  Centrtfogal,  do.  239, 
280.  German,  do.  188,  207,  218, 219.  Na- 
tural,  do.  209, 210.  Liquor,  do.  916.  Spa* 
aish,do.217,224 

Pumps,  forcing,  262 — 293.  CoBOMm  pamp 
263.  Enema,  263.  Bellowa,  941,257,907 
56S.  Double  acting,  271.  Mereorul,  2% 
Natural,  209, 210,256—268.  Stomach,  264 
Plunger,  273, 444.  Perkins*  981.  Rotary 
284-291,  373.  Redprocatmff  rotary,  29B 
293 

Pumps,  liftidg,  277—279 

Pusterich;  a  steam  idol, ' 

Pythagoras  43S 


Quadrant,  the,  invented  by  Godfrey,  143 
Quern,  hand-mill,  282 
Quippus,  historical  cords  of  the  Pentvi 
168,172 

R 

Rain  at  Thebes,  a  prodigy,  81 

Rams,  batterine,  366.   Smhonram,68I.  W» 

ter  rams,  366— 372.    Natural  water  rams 

506 
Raniseye,  his  patent  for  raiaing  water  by  iire, 

419 
Razors,  bronxe,  121.    HexicaB,  162 
Reciprocating  rotatory  pumpa,  292, 293 
Regal,  550 

Religious  persecutionB,  446 
Remora,  sucking  fish,  185 
Respiration,  475, 477 

Richard  III.  his  coiSn,  a  watering  trocch,  44 
Riddles,437 

Rigny,  De,  his  steam  machine,  463 
Rivitz,  a  Swiss  machinist,  462 
Rivaz,  his  motive  engine,  473 
Rivius,  eolipiles  from,  396 
Rocking  machme  for  raising  water,  99 
Rolling  press,  323 
Rome,  invaded  by  the  Ganls  from  the  repon 

of  a  smith,  19.    Houses  in,  810 
Roman  wells,  28,34,40,  41,  50.    Cham  of 

pots,  124,  water  screw,  1^.   Ftre-engines, 

310,  311.    Firemen,  309.    Fountains,  633| 

539,540.    Mirrors,  121 
Roods  of  Grace,  an  English  idol,  106 
Rope  pump,  136 
Rotatory  movements,  282 — 284 
Rotatory  pumpa,  2S1— 291.    Dafacto  of,  291 
Russia,  pumps  in,  290 

8 

Safety  valves,  387, 891, 447, 451 

Sails  of  ships,  268 

Saiadin,  47,  372 

Salting  ifish,  in  Egypt,  86.  lu  revival  in  Eu- 
rope, 86 

Sanguivuchello,  203 

Sap,  ascent  o(^  607—609 

Sarbacans,  256 

Sarcophagii,  used  as  watering  troughs,  49, 99 

Sauce  pans,  21 

Savery,  his  ezperimeMs  and  engines,  453— 
460.    His  bellows,  483 

Saw,  268 

Scipio,  his  baths,  668.  Dowry  of  his  daagb- 
ter,  121 

Scoop,  to  raise  water,  93.    Scoop  whe*  1,11. 

Scots,  worship^  wells,  87 

Screws  for  raising  water,  137—142, 569 

Scythian  tradition,  12 


nroix.  607 

•meoa,  qvoted,  96, 910, 994, 568  Sulphur  liaths,  ancient.  ISO 

Serviere,  lus  ioTentions,  63, 91, 885,  439  8ud,  raising  water  by  the  heal  of,  378—389 
Shadoof,  Egyptian,  94,  95  Distilling  by,  381 .    Raining  steam  by,  470 

Shakespeare,  quoted,  or  illoatmled,  195, 360  Surgical  instrumenu,  found  at  Pompeu  282 

401   534,535  8wape,94— 103 

Sheet-lead  and  other  metals,  551  Syene,  well  at,  48 

Ships,  steam,  of  Garay,  403.    Of  Ramseye,  Syracuse,  dial  at,  642.    The  name  of  Archi- 

419.    Ventilation  of,  488  medes'  ship,  146 

Ship-building,  ancient,  146, 147. .  Chinese,  158  Syringe,  259—261.    An  emblematic  device 
Shippumps,  148, 147, 154—157, 214—217,227,        261.    Used  as  fire-engines,  312,  315—317 

Shoes jsancient,  50.    Motezuma's,  161  T 

Shrine  of  Becket,  106  Tacitus,  quoted,  214 

Siamese  water-clocks,  544  Tanks,  water,  83 

Sieve,  Tutia  carrying  water  in  one,  196.   The  Tantalus,  city  of,  98.    Cups,  620 

trick  ezplainedf,  ibid.  Tartar  necromancy,  522 

Silk,  watering  of,  323  Tenures,  39S 

Silver  pipes,  cocks  and  cisterns,  170, 657,  660  Teraphim,  571 ,  572 

Siphons,  192,  193,  212,  268,  614—532.    Ca-  Tezcaco,  161.    Supplied  with  water,  163 

pillaryjolS.  Natural,  506.   Ram,53I.  Act  Theatres,  fountains  in,  recommended, 640 

m  Yacuo,  515.    Other  devices  so  named,  Thebes,  a  wonder  at,  81 

212, 213,  304,  307, 31 1 ,  315  Theinistocles,  43 

Smoke  jacks,  75  Theodorus,  of  Samos,  6. 

Smoking  tobacco,  270.  454,  477  Thirst,  modes  of  quenching,  11     Suffeiings 
Soap-making,  raising  ley  by  steam.  413,  414.        from,  31.  32 

Great  sums  expended  on  soap,  inid.    Soap  Tinkers,  Chinese,  20, 248 

factory  in  Pompeii,  ibid.  Tlascala,  159.    Its  water-works,  160 

Socrates,  537  Tobacco  smoking,  270,  454,  477.    Engine  for 
Soldering,  551.    Cast  iron,  20.    Phenomenon        cutting,  323 

attendmg,  512  Toledo,  old  water-works  at,  294 

Solomon,  cisterns  of,  48  Toltecs,  160 

Souflleur,  504  Tools, 5, 87, 132,  1722268 

Spaniards,  their  conquest  of  America,  169  Toothed  wheels,  71.  72,  114, 121 

Spanish  pump-maker,  anecdote  of,  224.   Spa-  Tornados,  482 

nish  steam-ship,  403—406.    Chain  of  poU,  Torricelli,  16*7,  188 

126.    Bells,  314  Toume-hroche,  75,  76,  665.    Eolipilic,  896. 
Speaking  tubes,  106,  107.    Trumpets,  273,        398,429 

342.    Heads,  106,  108, 377  Towers,  war,  304 

Spectacles,  70  Toys,  87, 268 

Speculums,  121  Traditions   of  the   Mahomedans  and    Sey* 
Sphinx,  119,  437  thians.  12.    Arabs,  95.    Peruvians,  167 

Spindle,  spinning,  fcc.  288,  284  Tr^an,  nis  directions  respecting  fires,  309 

Spiral  pump,  363  Traps  for  drains,  562,  563 

Spiritalia,  a  work  written  by  Heron, 270, 906,  Tread-wheels,  73,  74,  76,  116. 117,  162 

312,  376,  386,  415,  518-^20  Treasury  note,  copy  of  an  old  one,  300 

Spouting  tubes,  497—504  Trees  ol  Australia,  509.    Of  silver,  braaa,  &e. 
Sprinkling  vessels,  atmospheric,  194-196, 667        538 

Spurting  snake,  267  Trevithick's  pump,  280 

Slatues,  43.    Iron  one  of  Arsinoe,  142.    Of  Ti^i<^lE>'    ^^  Juggling:. 

Memnon,  377,  401 .    Leaden,  536, 660  Triton,  musical,  of  silver,  634 

Steam,  its  effects,  359,  388—391.     lu  me-  Trombe,  or  shower  bellows,  476 

chanical    properties,    391 ,  392,  407.  409.  Troy,  fountains  at,  49 

Supposed  identity  with  air,  396—400,418  Trumpets,  speaking,  273,  342.    Ear,  379, 678 

—421, 572  Tubal  Cain,  Vis  bellows,  232.    See  Vulean, 

Steam-boats,  403,  419, 423, 424,  438  Turkish  fountains,  31.    Fire-engines,  316 

Steam-boilera  of  coiled  tubes,  394.    Of  wood  Tutia,  carrying  water  in  a  sieve,  198,  386 

and  granite,  470  Tympanum  for  raising  water,  110,  114 

Steam-engines,  284,  369,  425.    Heron's,  394.  Tyre,  a  well  at,  38.    Glass  mirron  made  at, 

Garay 's,  404.    Branca*s,4]8.  Classification        121 

of,  425.    Worcester's,  437.     Moreland's,  U 

442-^44.     Papin's,   450—462.     Savory's,  Union  joints,  826. 459 

456—460.    Other  engines,  462— 464.    New-  •*         '       ' 

comen's,  465.    Leopold's,  41^.  Made  self-  Y 

acting  by  a  boy,  251,470  Vacuum,  B.  Porta  on,   379.     Produced  by 
Steam-ffuns,  395, 573  steam,  407, 489.    In  open  tubes,  482—496 

Steam-idols,  395,  398,  399,  570—572  Boiling  sugar  in.  495 

Steam-machinists,  courtiera,  445  Valentinian,  anecdote  of,  196 

Stings  of  bees,  257  Valves,  232,  235, 268,  307, 666, 666.    Safety, 
Btomach  pump,  264  387,  391  ^  447,  451 

Stoves.  Chinese,  70.    Fire-places,  483  Vapor  engines,  441 ,  472, 473 

Strabo's  account  of  Memnon,  377  Vases,  ancient^  16, 17.   For  lust  «1  watiAr.  387 

Stuyvesant,  Peter,   proclamations   by  him,  Vauxhall,  engines  at,  434.    Gardens,  446 

2^,  340  Vegetius.  old  translation  of,  177,  207,  21" 
Suckers,  boys',  181.  Natural.  182, 183, 184,186        430,  5^ 

Sucking  tubes,  203, 204.  Sucking  wounds,  202  Veneering,  87 

Suction ,  201 ,  202  Ventilation  of  mines,  shipe,  Ike.  488 

Sugar  boiling  in  vacuo,  496  Ventnri,  experimento  by,  478—480 
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VetUls,  19(V-197. 3S3 

7ir^l,  quoted,  3,  11, 12, 13,  34, 117,  S3S,  303 

Vision  of  Mahomet,  98 

VitroTiut,  quoted,  9,  34,  109,  113,117,184, 
139,192,244,866,369,393,395 

Vulcan,  bellows  of,  838, 339, 840.  Trip  ham- 
men,  668.    Impriaoninf  chair,  573 

W 

Wanmt,  ateam,  483, 484 

Walrua,  climbs  by  atmo«pheric  prcsaare,  183 

Wars,  warriors,  3,  308,  3d9.    6i4  frtfac%. 

Watches  and  clocks,  71, 188,  383,  360,  441. 
64S--^7 

Watch  chains,  383 

Water,  its  importance  in  nature  and  the  arts, 
9.  303,  358,  Supposed  identity  with  air, 
396,  418,480,431,672.  Worshiped,  33— 
37, 665.  Penalty  for  stealing,  «!.  Fresh 
dipped  from  the  sea,  519 

Water  beds,  178.  Bombs,  349.  Canes,  378. 
Carriers,  83, 84.  Closets,  561.  Hammer, 
367.  Lute,  451.  Power,  480.  Rams,  368 
—371.  Spoau,477,510.  Wheels,  186,883, 
668 

Water- works  .at  Hamath,  116.  In  Japan, 
185.  At  Babylon,  133— 136.  OfthePem- 
▼ians,  165—172.  Mexicans.  160—168.  At 
Angsburgh,  Bremen,  Toledo,  Paris,  and 
London,  294, 895,  896.  Old  ones  described, 
438.    In  America,  898.    Roman,  867, 480 

Watt,  145, 258.    S«<  vr^fitM. 

Waves,  366,  367 

Wedtt,  268 

Weather-glasses,  375 

Weeping  images,  106 

Wells,  £l— 49>i,  71 ,  841 ,  566.  fioloii'^  lawi 
respecting,  27.  Reflections  on,  48.  Venti- 
lation o/;  488.  Worshiped,  33— 37,  666. 
Ancieit  Anterican  wells.  60,  160—167. 
Their  examination  desirable.  50 

Wheels,  dasL,  94.  Other  wheels  to  raise 
water  109—116.  Wheel  of  fortune,  118. 
6eoop    111.    Parsiai^  116.    Capslu   77 


Wheels,  tread,  73-76, 116, 117, 181    Csfc 

71,72,  114,  181 
Whittles,  in  Peniriaa  bottles,  17.  Gbaldeui 

cups,  801 
Whitney,  Eli,  350 
Whitehnrst's  water  ram.  388 
Wakiiis,  Bishop,  quoted,  103,  104,396,418 

439—131,56^ 
Windlass,  68—78, 673 
Wind-mais,  186,  139, 151, 158,418.578 
Wines,  concentration  of,  440.    Miied,  517 

Siphons  for  tasting,  195,  516, 582 
Wine  flask,  Sarery's  experiment  with,  4M— 

455 
Winifred's  well,  miracle  at,  37 
Winnowing  roachioe,  70 
Wire,  ancient,  2, 87,  181, 168,  311   Mill  ftl 

drawing  ( 423 
IVirtz's  spiral  pomp,  963 
Woden's  well,  35 
Woisard's  air  machine,  473 
Women,  early  experimenters  on  steam,  391 
Wooden  hams,  70 
Worcester,  Marquis  of,  his  century  of  isica- 

ttons,  64,  140,  362,  488-440,  339.    Hit 

steam-boat,  438.    Steam-engine,  437.  Hii 

character  and  death,  439 
World,  the,  an  hydraulic  machiiie,  606 
Wynkoi  de  Worde,  quoted,  314 

X 
Xenes,  his  chair,  4.    Sends  a  distalftalBi 
g«noml,883 

Y 
Yoke,  83,  117.    Descr^tkm  of  an  ERfplkn 

one,  84 
Yucatan,  ancient  weOs  in,  164, 166 


Zem  Zem,  the  holy  well  of  Mecca,  Sfi^  1^ 

44,46 
Zeno,  bit  quarrel  with  Amhmmoi,  391 
of.  86 
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AtTnoapharie  Ptrnip,  jp.  2l2-'14t.  Supposed  to  be  of  remote  Eastern  origin.  EndenoQ 
that  it  18  no  stranger  to  mining  engineers  in  one  of  the  least  known  parts  of  Asia, 
we  found  several  years  .ago  in  an  old  Japanese  pamphlet  on  mining  and  smelting 
copper.  It  had  long  beien  in  the  poe>se88ioij  of  Ho  v.  S.  Wells  Williams,  of  Canton, 
before  he  gave  a  translation  of  it  in  the  Ounese  RepogUory^  vol.  ix.  (1840).  It  was 
subsequently  brought  to  this  country  and  now  lies  before  us.  Its  title  is  Ko  Dou 
Jhu  RokUj  a  small  folio  of  41  pages,  of  which  14  are  plates,  printed  in  colors^  repre- 
senting workmen  engaged  in  the  various  operations,  from  extracting  the  ore  to  its 
redaction  in  the  furnace  and  casting  the  metal  into  ingots.  The  bellows  is  the 
double-acting  wooden  one  figured  on  page  248  of  this  volume.  Thirteen  more 
plates  are  occupied  with  ttiols,  &c.,  in  extreme  detail.  The  third  plate  exhibits  a 
flection  of  port  of  a  rude  shaft  excavated  in  the  rock,  through  which  the  water  of 
the  mine  is  raised,  in  suoressive  lifts  of  about  15  feet  each.  Shallow  wooden 
cisterns  are  placed  at  t^t  distance  above  one  another  on  ledges  of  rock  left  for 
them.  Pumps,  formed  of  planks  like  the  bellows,  raise  the  water  from  cistern  to 
cistern  till  it  is  discharged  at  the  surface.  They  are  considerably  inclined  from  the 
perpendicular.  Each  is  worked  by  one  man,  who  applies  his  hands  directly  to  the 
pump-rod  (also  wood)  which  terminates  in  a  short  cross  piece,  like  a  common 
spade-handle.  Near  each  man  is  a  small  shell  lamp — ^indicative  of  darkness  from 
depth. 

Of  these  pumps  the  text  may  well  say,  "  several  tens  of  hundreds  of  strokes  are 

given there  is  a  great  consumption  of  the  strength  of  the  workmen they 

are  worked  uninterruptedly  day  and  night."  The  pamphlet  was  shown  to  the 
chiefs  of  the  late  Japanese  Embassy.  'Ihey  instantly  recognized  it  as  one  of  a 
numerous  class  of  hand-books  "  for  workmen."  They  were  asked  if  blasting  was 
practised  in  minus.  They  said  no.  The  book  represents  the  ores  extracted  by  the 
hammer  and  chisel.  The  third  plate  is  probably  a  fair  representation  of  the 
practice  of  raising  water  from  Greek  and  Iloman  mines.  There  is  nothing  in  the 
pumps  or  manner  of  working  them  from  which  to  infer  a  European  derivation. 

Compressive  Tubular  Pun^.  Keference  to  this  variety  of  devices  v^is  omitted  in  the 
preceding  pages.  Although  of  little  practical  value,  a  notice  of  them  mi^ht  have 
saved  some  time  and  money  since  thrown  awav  upon  them.  They  do  not  appear  to 
have  occuiTed  to  American  inventors  till  1851.  In  the  fall  of  that  ye<ir,  four 
applications  for  patents  were  tiled  and  rejected  for  lack  of  novelty.  The  applicants 
were  referred,  among  other  sources  of  information,  to  Baehr's  pump  of  1819, 
figured  and  described  in  the  Transactions  of  the  Society  for  the  Encouragement  of 
Indttbtry,  of  Prussia,  Berlin,  1822,  p.  195,  plate  ix. 

The  principle  may  be  understood  without  a  diagram.  It  is  essentially  the  same 
as  that  by  which  a  dairy-maid  milks  a  cow  or  a  goat.  The  teat  is  an  elastic  tube 
opening  into  the  udder,  and  she  expels  the  contents  by  drawing  down  her  com- 
pressed hand  over  it,  a  fresh  supply  following  the  movement.  In  the  artificial 
device,  one  end  of  a  hose-pipe  opens  into  the  water  to  be  raised,  and  the  other  is 
continued  up  to  the  place  of  discharge ;  a  portion  being  curved  into  a  circular  bed  or 
catie,  against  which  the  ends  of  revolving  aims,  moved  by  a  crank,  are  made  to 
press  OQ  they  sweep  over  it.  Each  thus  drives  the  liquid  in  front  of  it  up  the 
ascending  pipe,  and  a  fresh  supply  keei^s  flowing  in  behind.  To  prevent  the  wear 
of  the  pipe  by  the  ends  rubbing  over  it,  they  terminate  in  rollers. 

When  the  device  is  intended  to  perform  the  part  of  both  a  sucking  and  forcing 
pimip,  the  hose  should  be  of  sufficient  elasticity  to  resist  the  pressure  of  the  atmos- 
phere when  empty  of  air  or  water.  A  pump  of  this  kind  is  figured  and  described  in 
the  Patent  Ofiice  Report  for  1855.  Of  the  first  four  models  of  elastic-tubcj  pumps 
recpived  at  the  Patent  Office,  three  were  filed  in  the  same  month,  and  the  fourth 
within  two  months  of  them.  Two  were  from  the  same  city,  and  three  from  the 
same  State.  Points  of  difference  were  trifling :  in  two,  the  coil  to  receive  the 
pressure  formed  a  portion  of  a  circle,  and  in  two  a  whole  one.  In  all,  the  com- 
pressing aims  ended  in  rollers  and  varied  in  number  from  one  to  four.    The  simnl- 
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taneoiu  aanounoement  at  different  places  of  the  mme  de^loe  is  not  a  new  tiiiiig  in 
the  history  of  the  arte.  It  has  occurred  in  distant  countries,  aa  well  aa  in  ndgfaboi^ 
ing  parts  of  the  same  country.  Had  faith  in  the  elfin  race  not  died  out,  one  might 
have  supposed  some  frolicsome  Puck  amused  himself  by '  whispering  the  suae 
thought  into  the  heads  of  half  a  doaen  patentees,  and  then  setting  them  by  the  esis 
in  wranglings  for  priority. 

Ourvti  Pm^y  p.  228.  These  are  examples  of  long-forgotten  inTentioos  rerived 
aa  new  ones,  lliey  were  described  by  Bamelli,  and  Tariously  and  ingenioaaly  nuxMed 
by  him  over  270  yearn  ago.  His  book  is  « treasury  of  fine  inventioiis,  upon  which 
machinists  have  drawn  largely.  Not  a  few  of  what  are  thought  modem  derices  are 
found  in  it.  In  the  volumes  of  Besson,  Branca,  Zonca,  Buckler,  Decaua,  and  other 
old  writers  on  machinery,  there  is  not  one  comparable  to  it.  A  folio  of  9SS  pages, 
beautifully  printed  in  French  and  Italian,  it  contains  195  copper  plates,  the  figares 
admirably  designed  and  the  details  fully  expressed.  It  is*  profuse  on  pumps  and 
on  mechanisms  for  working  them.  (The  air-vessel  is  not  men^oned,  nor  is  there 
an  example  of  a  piston-rod  working  through  a  *8tu£fing-box.)  It  is  impossible  to 
look  over  this  work  of  a  practical  engineer  of  the  16th  century  without  admiring 
the  amount  and  variety  of  mechanical  resource  it  displays ;  nor  without  surmising 
whence  Worcester  derived  not  a  few  of  the  enigmas  in  his  Century  of  Inventions- 
Ingenious  devices  here  fully  described,  but  turned  by  him  into  riddles.  Bamelli 
has  no  secrets.    The  title  of  his  book  runs  thus : 

"  Le  diverse  et  artifidoee  Machine  del  Oapitano  A^odmo  SamdU  dal  Ponte  deUa 
TVesia,  Ingegniero  del  Christianissimo  Be  di  Francia  et  Polonia. 

'*  Nellequali  si  oontengono  uai^  et  industriosi  monim^ti,  degni  degrandismaa 
speculatione,  per  cauame  benefido  infinite  in  ogni  sorte  d^peratione  :  Osmposte  in 
Lingua  Italiana  et  Francese. 

**  A  Parixi  in  casa  del'autore,  oO  privilegio  del  Re,  1688." 

The  only  copy  I  have  seen,  I  found  in  the  public  library  of  Rio  Janeiro,  in  1846. 

Rotary  -^PiMnp,  p.  285.  Figured  and  commended  in  *'  A  collection  of  problems  ex- 
tracted out  ot  andent  and  modem  philosophers,  not  vulgarly  numifest  till  now- 
written  first  in  Greek  and  Latin,  lately  compiled  in  French  by  Henry  Van  Etten, 
and  now  in  English,  &c."     London  :  Printed  for  William  Leake,  1674. 

Rotary  Ptmp$,  pp.  ^8,  290.  In  Ramelli.  It  would  not  be  easy  to  point  one 
leading  feature  in  modem  rotary  and  redprocatlDg-rotary  pumps  not  antidpated. 

Steam  Ships,  p.  403-4.  Is  there  any  connection  between  the  devioe  of  Gaiay 
and  that  of  the  elder  Scaliger,  his  contemporary,  who  in  his  **  Exerdtationes" 
confidently  avers  that  he  could,  without  difficulty,  make  a  ship  go  of  itself— 
**  Naviculum  sponte  sua  mobilem  ac  sui  remigii  authorem  fadam  nuUo  negotio." 
The  son  of  a  military  man,  he  followed  arms  himself  till  he  was  forty.  He  died  in 
1588,  fifteen  yean  after  Garay's  experiment. 

^  Tmi  Calorio  Enoiva. 

I  have  been  urged  to  notice  this  Engine,  as  an  invention  introduced  since  the 
first  publication  of  this  volume,  and  the  rather  because  the  prindple  on  whidi 
Its  claims  were  based  as  an  economical  motor  is  indorsed  in  a  justly  popular  and 
influential  work  now  issuing  from  the  press  in  this  country  and  in  Europe.  The 
most  ungular  thing  about  it  is  this :  As  the  amount  of  force  to  be  derived  from 
heated  air  is,  under  all  drcumstances,  exceedingly  limited,  by  an  illusion,  hardly 
equalled  in  the  history  of  the  arts,  a  device  was  adopted  to  increase  it,  the  most 
certain  to  diminish  it;  and  this  crippling  device  was  proclaimed,  and  widely 
accepted,  as  the  crowning  glory  of  the  invention.  It  appears  to  be  stall  so  am- 
sidered,  both  in  France  and  England,  by  some  writers. 

It  need  not  be  stated,  except  to  those  unacquainted  with  It,  that  the  Caloric 
Engine  'neither  presented  a  new  prindple  nor  a  new  application  of  one.  It  was 
ushered  into  notice  under  a  new  name,  and  to  an  old  adjunct  was  given  the  aUuring 
and  deceptive  designation  of  "  a  regenerator.''  It  was  this  that  gave  ^e  engine  its 
notoriety.  And  yet,  so  fu  from  possessing  the. miraculous  properties  ascribed  to  it, 
it  was  a  positive  nuisance.  Insteiad  of  reprodudng  without  cost,  it  wasted  no  little 
of  the  moderate  amount  of  force  developed,  and  saved  none,  lliere  was  ne 
medium  qualitv  In  it.  It  was  dther  what  we  have  called  it,  or  it  possessed  all  the 
virtues  ascribed , to  it. 

What  was  claimed  to  be  done  by  it  was  thus  announced :  "  The  basis  of  the 
Caloric  EIngine  is  that  of  returning  &e  heat  at  each  stroke  of  the  piston  and  iisv»^ 
it  over  tmd  over  aaam  ;  and  this  it  does  so  perfectly  that  the  heat  employed  in  fint 
setting  the  engme  in  motion  continues  to  sustain  it  in  full  working  force  with  no 
other  renewal  or  addition  than  may  be  required  to  supply  the  inconsiderable  l«4 
by  radiation." 
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The  prooen  wag  virioally  that  of  xuSng  waste  steam  to  heat  feed-water  of  steam- 
boilere,  but  the  different  effects  of  the  heat  on  the  aerial  fluid  and  the  liquid  were 
strangely  overlooked.  Had  thi  dm&Uy  <^  ike  mr  in  paming  Ihrcugh  ihe 
mart  affcet/ei  thtmf^Bi-walet^  there  mig^ht  have  been  something  like  the  results  claimed. 
But  the  reverse  was  the  fact.  The  fluid  swelled  and  kept  swelling  with  the  heat 
taken  up,  hence  the  quantity  iojected  at  each  stroke  of  the  feed-pump  was  pro- 
portionally diminished,  and  also  its  expansion  within  the  working  cylinder,  where 
expansion  was  everything — a  doable  loss.  Its  constructor,  in  the  JWmHm 
Jmamal,  of  November,  1B54,  says^'*  in  every  instance  the  air  entering  the  working 
cylinder  has  been  elevated  [by  the  regenerator]  to  400^,  and  often  as  high  as 
500^ . ' '  How  much ,  then,  did  it  expand  after  entering  ?  and  how  much  lets  of  it  was 
there  to  expand  ?  • 

To  feed  an  air-engine  with  heated  air  is  like  feeding  a  steam-engine  with  steam 
instead  of  water.  All  the  power  the  steam  could  possibly  have  would  arise  from 
the  additional  heat  it  got  wUkin  the  boiler.  So  with  the  Caloric  Engine,  whose 
boiler  equivalent  was  the  heated  bottom  of  the  working  cylinder — ^the  hotter  the 
air  sent  in  the  less  work  it  could  do  when  in,  the  less  it  could  expand.  And  if  the 
whole  of  the  expired  fluid,  or  heat,  were  returned,  it  could  do  none.  It  could  then 
give  out  no  more  force  than  was  expended  on  its  injection.  The  scheme  might  be 
likened  to  one  for  economising  animal  power  by  returning  to  the  stomach  food  not 
completely  digested,  or  air  from  the  lungs  not  deprived  of  heat.  The  result  was 
with  the  artifidal  as  it  would  be  with  a  natural  organism  ;  the  more  expired  heat 
returned  the  weaker  it  became,  and  when  90  per  cent,  was  sent  back  (claimed  to 
have  been  done),  it  must  needs  have  been  near  its  last  gasp.  After  a  long  contest 
with  nature  to  induce  her  to  yield  the  point,  it  was  perceived,  but  not  acknowl- 
edged, that  inanimate  no  more  than  animated  machines  can  inhale  the  same  heat 
'*  over  and  over  again"  without  losing  strength — ^that  fresh  air  and  fresh  heat  is  the 
law  for  both.  If  waste  force  in  heat  could  be  recovered  and  used  over,  why  not  in 
otkier  forms  of  force  f 

*nie  earlier  air-engines  were  the  best,  and  for  the  very  reason  they  were  deemed 
tike  worst.  In  that  of  8ir  George  Cayley,  and  others,  *'  the  air  had  its  temperature 
raised  to  600^  or  600<^  by  passing  it  through  a  heated  chamber  ;  and  after  having 
wuA  acted  on  the  piston  it  was  allowed  to  escape  into  the  atmosphere,  carrying 
along  with  it  a  large  portion  of  the  heat,  which  was  thu»  wasted.**  As  well  might  a 
naturalist  complain  of  nature  committing  the  like  waste  in  the  hot  breath  of 
hard-working  animals  and  men,  for  heat  is  the  source  of  living  as  of  inanimate 
forces.  To  gain  power  by  sending  back  heat  to  work  over  and»over  is  to  cause  force 
to  repeat  itself.  There  are  several  things  common  to  natural  and  artificial  motors, 
but  that  is  not  among  them.  If  man  could  impart  it  to  insensible  mechanism,  it 
would  be  strange  if  the  Creator  had  not  conferred  it  on  living  organisms.  Were 
It -possible,  it  would  save  as  much  food  in  one  dass  as  fuel  in  the  other.  As 
respects  force,  all  food  is  fuel.  *  ^ 

Before  escaped  heat  is  deemed  wasted,  it  should  be  shown  to  have  done  no  work 
in  the  cylinder  ;  an  impossibility,  since  every  particle  necessarily  contributed 
equally  with  every  other  to  the  effect  on  the  piston.  But  admitting  it  did  none, 
does  it  follow  that  the  penalty  of  waste  can  be  evaded?  Assuredly  not,  for  with 
nature  there  is  no  forgiveness.  Tet,  by  the  principle  claimed,  there  is  more  to  be 
made  out  of  the  wi^te  than  if  there  had  been  none.  Return  60  per  cent,  four 
times,  and  the  original  amount  woilld  be  virtually  doubled — the  force  actually 
doubled.  The  fact  is,  if  one  per  cent.,  or  the  fraction  of  one  per  cent.,  can  be 
profitably  used  over  and  over  the  principle  would  be  established,  and  the  whole 
might  be. 

Waste-water  of  an  overshot  wheel  will  repeat  its  work  as  often  as  it  is  returned 
to  its  first  position,  but  it  costs  more  to  send  it  back  than  it  is  worth  when  got 
back.  Examine  the  action  of  the  regenerator  and  it  will  be  found  another  phase 
of  the  old  scheme  for  saving  tail-water  by  sending  it  back  to  the  dam  ;  a  grosser 
error,  for  water  will  give  out  all  the  power  it  gave  out  at  first,  while  air  yields  as 
much  less  as  its  subsequent  expansions  within  the  cylinder  are  less  than  the  first. 
Besides,  as  much  force  is  required  to  inject  a  small  charge  of  it  as  a  full  one — that 
is,  of  heated  as  of  unheated  air. 

The  true  character  of  the  regenerator  was  shown  in  the  Journal  <f  the  JWinJUm 
InatOute  for  September,  October,  and  November,  1864.  In  1867,  the  Caloric  Engine 
was  extensively  advertised  as  having  "just  been  per/eeUd,**  Howf  Why,  by 
dropping  the  regenerator  and  pumping  in  cold  air,  as  suggested  in  ^e  Journal.  It 
was  thus  the  small,  or  portable,  class  of  engines  arose.  WUh  the  regenerator,  they 
had  died  the  day  they  were  bom.  If  it  poesesied  oi^  virtue,  they  certainly  stooii 
'  most  in  need  of  it. 
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Bxplodve  forces,  nattml  and  artificial,  are  analogues  of  steam  and  air  motors. 
There  could  be  no  volcanoes  if  the  motive  gases  did  not  follow  up  the  ejected 
matter,  and  ateoM  with  U.  However  high  the  material  might  be  pushed  up,  on  the 
exhaustion  of  the  force,  it  would  lall  back  like  a  piston  into  a  vacuum  beneath  it. 
The  flame  issuing  from  cannon,  is  it,  too,  all  wasted  ?  Extinguish  it  within  them 
and  how  &r  would  the  balls  be  projected.  The  hypothesis  that  the  escape  heiit  of 
air  and  steam  engines  might  and  ought  to  be  used  up  within  them  hsuB  its  sup- 
porters. We  believe  it  is  not  sustained  by  a  single  fact.  But,  passing  that,  it  is 
strange  so  wide  a  difference  between  theory  and  practice  is  not  settled.  It  k  said 
96  per  cent,  is  lost  in  one  class  of  steam-engines,  and  a  still  larger  amount  in 
another  !  Were  this  true,  the  man  has  not  lived  that  can  be  oompajred  to  him  who 
teaches  us  how  to  add  that  amount,  or  anything  near  it,  to  the  current  powers  of 
our  motive  engines.  But  as  long  as  such  visions  are  fostered,  there  will  not  ceaae 
to  be  victims. 

There  is  a  perfect  analogy  in  the  action  of  an  air-engine  and  a  thermometer. 
The  mercury  swells  upward  as  its  temperature  rises  and  pushes  up  a  small  float,  or 
piston,  on  its  surface.  When  the  maximum  height  is  attained,  the  force  and  the 
resistance  are  balanced.  The  heat  can  do  no  more.  With  the  fall  of  the  tempera- 
ture the  float  settles  down,  and  is  again  raised,  but  not  by  the  anne  heat,  for  not 
till  that  escapes  through  the  sides  of  the  tube  can  the  float  or  fluid  fall.  So  it  is 
with  the  engine.  The  air  exerts  its  greatest  force  against  the  piston,  and  having 
done  that,  any  smaller  amount  is  of  no  avail.  However  long  retained  in,  or 
quickly  discharged  from  the  cylinder,  it  can  neither  add  to  or  repeat  any  part  of 
the  power.  Before  more  work  is  done,  the  heat  must  be  dischaiigeid  along  with  the 
motive  fluid  into  the  atmosphere,  or  be  left,  as  in  the  thermometer,  to  find  its  way 
out  through  the  sides  of  the  cylinder.  Whatever  use  may  be  made  of  it  outside,  it 
can  never  be  of  any  value  again  within  the  cylinder.  It  is  impossible  to  return  it 
without  expending  more  than  its  equivalent.  Hence,  if  its  escape  is  **  waste,"  the 
same  waste  occurs  in  the  thfirmometer. 

And  what  of  that  f  perhii^  may  be  aaked.  Why,  this :  the  instrument  is  an  ex- 
ponent of  nature's  invariable  practice,  and  unless  we  can  improve  on  her  plans,  or 
evolve  a  principle  unknown  to  her,  the  question  is  settled.  If  she,  in  her  elastic 
forces,  repeatedly  uses  the  same  heat,  we  can  profitably  do  so,  but  nothing  of  the 
kind  is  attempted  by  her  After  being  ones  used  it  is  suifered  to  "waste,'*  if  the 
term  be  admissible.  Without  xeferrinc  to  minor  examples,  which  everywhere 
abound,  take  the  planet  as  a  whole.  It  Is  a  perfect  air-engine.  Its  atmosphere  is 
heated  during  the  day  and  sufi'ered  to  cool  during  the  night.  Suppose  this  noc- 
turnal *' waste"  saved  by  some  regenerating  process,  what  would  follow!  A 
uniform  temperature  would  become  established,  a  stagnant  calm.  With  the 
cestsation  of  wind-power  the  whole  economy  of  the  planet  would  be  deranged,  for 
as  in  the  artificial  engine,  the  saving  of  the.  heat  would  be  the  end  of  the  force. 

Those  who  may  be  tempted  to  make  further  experiments  would  also  do  well  to 
bear  in  mind  that  a  pint  of  water  dilates  into  about  1,700  pints  of  steam,  while 
twice  the  temperature  required  to  boil  water  does  not  expand  a  pint  of  air  into  a 
quart.     In  the  Caloric  Engine  the  volume  was  never  doubled.     And  further,  that, 
owing  to  the  difiference  of  density  between  atmospheric  air  and  water,  the  feed- 
pump of  a  steam-engine  Bcaroely  consumes  a  thousandth  part  of  its  power,  while 
that  of  an  air-eii.fc?ine  requires  not  less  than 66  per  cent,  —its  capacity  being  two-thirds 
that  of  the  worldng  cylinder.    Thus  an  air  engine  transmits  only  one-third  of  its 
power  to  the  work  to  bo  done,  while  a  steam-engine  gives  out  the  whole — the  amount 
consumed  by  the  pump  being  so  trifling  as  to  be  passed  over  in  estimating  the  power. 
It  is  to  be  regretted  that  any  work  of  authority  should  indoiw  afresh  the  cardinal 
fallacy  that  air  heated  outside  of  the  worlung  cylinder,  or  chunber  of  expansion, 
is  attended  with  a  coriesponding  saving  of  fuel.     (See  **  Chambers'  Encyclopasdia," 
Art.  Caloric  £2ngian.)     When  an  elastic  fluid  is  diaoovured  that  can  be  returned  un- 
dilated  by  beat  taken  up  in  its  passage  to  the  expanding  chamber,  the  doctrine  will 
be  true,  and  not  till  then.     We  suppose  there  is  some  mistake  in  the  statemeut 
that  a  Sterling  Engine  *' did  all  the  work  of  the  Dundee  Foundry  Company 
regularly,  with  a  saving  of  about  75  per  cent,  of  the  fuel  used  by  the  steam- 
engine,"  if  it  is  to  be  uutieretood  that  the  Utter  was  in  a  fair  working  condition, 
and  the  force  and  fuel  as  economically  expended  as  in  the  former.    But. supposing 
there  is  no  mistake,  and  that  the  saving  would  not  have  been  further  incruised  by 
discarding  the  regenerating  apparatus,  such  a  motor  could  not  at  this  day  be 
abandoned  for  anything  like  the  reasons  assigned  for  laying  it  aside.    It  woaM 
truly  be,  what  the  Caloric  Engine  was  once  claimed  to  be,  a  greater  gift  to  the 
world  than  the  steam-engine  itself. 
JSfwm  York,  March  U,  1868.  n 
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